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A BST R A C T
I present an analysis of data from experiment E94-019 using the CEBAF Large Ac­
ceptance Spectrometer (CLAS) at the Thomas Jefferson National Accelerator Facility 
(TJNAF). The experiment ran in the spring of 2002 over the course of two months with 
5.765 GeV unpolarized electron beam on a liquid deuterium target and collected a total of
4.5 x 109 triggers. These data cover a wide kinematic range from the quasielastic peak up 
to an invariant mass W  ps 3 GeV of the final hadronic system for four-momentum transfer 
Q2 from 1.5 to 6.0 GeV2. Using CLAS we tagged spectator protons released in quasielas­
tic scattering from high-momentum neutrons in deuterium at large emission angles with 
respect to the momentum transfer direction. Using these data one can test the physics of 
small-sized wavepacket expansion inside the nucleus. The absorption of a high-momentum 
virtual photon on a nucleon leads to the production of a small-sized wavepacket (due to 
the supression of long-range pion and gluon fields) which evolves rapidly in time until it 
reaches the nucleon size. We can investigate how such a wavepacket moves within a nucleus 
and how long-range fields are restored. This study could provide information about the 
quark-gluon degrees of freedom, internucleon forces in nuclei, and color coherents effects 
such as color screening (CS) and color transparency (CT). Color screening would allow a 
small-sized object to escape from the nucleus without further interaction. Measuring the 
evolution of FSIs with the momentum transfer Q2 could reveal whether or not nuclear 
transparency may occur in quasielastic reactions such as d(e,e'p)n. We computed the ra­
tio of the experimental cross section for d(e,e'p)n measured for kinematics dominated by 
rescattering effects to the cross section measured for the kinematics dominated by screen­
ing effects (suppression of FSIs). I present a study of the acceptance of CLAS for the 
inclusive d(e,e') reaction at high x  and for the exclusive d(e,e'p)n reaction in the quasi­
elastic region. We have extracted absolute cross sections for the inclusive d(e,e') channel 
and they are presented in two-dimension kinematic bins with Q2 = 1.7 — 6.7 GeV2 and 
x = 0.7 — 1.9. By mapping these cross sections we can extract the probabilities of finding 
short range nucleon-nucleon correlation (SRC) state in nucleus. Absolute cross section 
for the exclusive d(e,e'p)n channel are presented for spectator momenta ps from 250 to 
1000 MeV/c and four-momentum transfers Q2 = 2 — 6 GeV2. Experimental measurements 
suggest a strong contribution from meson exchange and A-isobar currents which dominate 
FSIs. This makes it difficult to observe color coherent effects. This picture is corroborated 
by new theoretical developments.
xx
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QUASI-ELASTIC ELECTRON SCATTERING FROM A HIGH-MOMENTUM
NUCLEON IN DEUTERIUM
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C H A PT E R  1
Physics Overview
1.1 Introduction
“I often  say that w hen you can m easure w hat you are speaking about, 
and express it in num bers, you know som ething about it; but w hen you  
cannot m easure it, w hen you cannot express it in num bers, your knowl­
edge is o f  m eager and unsatisfactory kind”
William Thompson, 1st Baron Lord Kelvin
A little less than a century ago, a series of table-top experiments conducted 
by Rutherford changed the way we understand the structure of matter. It opened 
the door to smaller and smaller distances inside the matter. Figure 1.1 shows a 
flow chart with the building blocks of m atter and corresponding sizes. The main 
building block, the atom, has a size of «  10~10 m. Most of its mass is carried by 
the nuclear core which is about 10000 times smaller than the atom itself. A cloud 
of electrons surrounds the nucleus, giving the atom its size, and correspondingly 
anything made of atoms,. The nucleus consists of nucleons (neutrons and protons) 
with radii of «  10-15 m. The number of positively charged protons is equal to the 
number of negatively charged electrons in atom. Neutrons are neutral particles, thus
2
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the atom is electrically neutral. A natural question arises: How do all protons (with 













FIG. 1.1: Flow chart with the building blocks of matter and corresponding sizes.
strong force is responsible for binding the nucleons together inside the nucleus. The 
strong force inside the nucleus can be described by the well potential as shown 
in Figure 1.2. The force on the nucleon is F  =  0 inside the well. The force at 
the surface is very large thus, the particle is kicked back being trapped inside the 
well. Quantum Mechanics and the Uncertainty Principle allow though a particle 
to “tunnel” through the potential barrier and escape (i.e. positively charged a
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4particles). By studying the rate of such emissions and its associated energy spectra 
from different large nuclei we can obtain the shape of the force field these particles 
have to travel through. The strong potential is roughly constant inside the nucleus, 
while the electrical Coulomb potential increases with the number of protons in the 
nucleus, eventually leading to unstable heavy nuclei. The strong force between
Hucleus
Fermi
FIG . 1.2: Well potential. It describes the strong force inside the nucleus.
nucleons has a short range, commensurate with the nucleon size, while the electrical 
repulsion obeys a ^  force law. During early attempts to understand how the strong 
force binds the nucleons it was hypothesized that the proton and the neutron are 
exchanging some particle (which today is called pion) between them. The theoretical 
prediction of Yukawa (1935) [1] and the experimental discovery (1947) [2] of the pion 
led to the discovery of many more strongly interacting particles (such as A++,K +). 
The simple pion-exchange mechanism which only accounts for the long-range part 
of the interaction was not able to explain the strong interaction between nucleons 
and all the newly discovered particles.
Experiments carried at SLAC (1968) [3] proved the existence of internal spin |
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5constituents, the quarks. Today we know that the pion is a composite particle made 
up of quarks, as are the proton and the neutron, and that the strong force describes 
the interaction between these quarks. Quarks interacts by exchanging strong force 
carriers called gluons. The theory that describes strong interactions between quarks 
and gluons is called Quantum Chromodynamics (QCD). The strong interaction is 
responsible for binding quarks together into baryons and mesons (three and two 
quark states, respectively), and also for binding the nucleons together into a nucleus. 
In order to respect Pauli’s exclusion principle which states that no two particles
FIG. 1.3: Schematic picture o f a nucleus. Single nucleons primarily moving in an 
average field (SP) and short-ranged nucleon-nucleon correlations (SRC).
w ith half-integer spin can share the sam e quantum state, a “color” degree of 
freedom was introduced (characterized by a quantum number called color charge) 
to label the quarks. The color degrees of freedom are labeled red (R), blue (B) and 
green (G) in analogy with the visible light. Each nucleon is composed of three quarks 
of different color such that the nucleon (and any particle) is a color neutral object. 
Just as the combination of RBG produces white light, 3 quarks of 3 colors produces 
a color neutral object. This is a characteristic of strong force analog to the atom 
being charge neutral. Color neutrality of all particles found in Nature and color
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6confinement of quarks (no free quarks) are the foundations of QCD. An important 
feature of QCD theory is that the “up” quark (abbreviated as u) and the “down” 
quark (abbreviated d) are nearly massless particles (~  5 MeV). In this limit the chiral 
symmetry (left-right symmetry) is spontaneously broken in the ground state of QCD. 
The proton electromagnetic radius is ~  0.86 fm (1 fm= 10-15 m), and the average 
distance between nearby nucleons (center-to-center) is ~  1.7 fm. Thus, under normal 
conditions nucleons are closely packed and nearly overlap as they move in an average 
field created by all the other nucleons. The nucleus is a quantum system and its 
wave functions contains components with nucleons separated center-to-center by 1 
fm or less. In these configurations there is a significant region of overlap of the 
two nucleons, in which short range correlations (SRC) are dominant. These high- 
density fluctuations may modify the configuration of the underlying quarks inside 
the nucleons. In these regions the physics of confinement, which defines the limit 
of QCD, may no longer be aplicable and the chiral symmetry may be (partially) 
restored.
A few questions are worth emphasizing here: W hat happens during the brief 
intervals when two or more nucleons overlap in space? Can we account for the 
interactions using meson exchanges, or do we instead need to consider explicitly 
quark aspects such as quark exchanges between nucleons and mixing of nucleon 
constituents into six- or nine-quark bags? At high densities, can we detect the 
presence of superfast quarks?
Color degree of freedom is another avenue to test QCD as the underlying the­
ory of the strong interaction. The availability of high-energy beams provides the 
opportunity to observe features of nuclear structure at small-distance scales such 
as color-singlet fluctuations of a hadron into an object with small spatial extent, 
namely, point-like configurations (PLC), which evolves with time. These configura­
tions are possible due to the suppression of long-range pion and gluon fields when




FIG. 1.4: Schematic picture o f hard quasi-elastic electron scattering from a deu­
terium target. The high momentum virtual photon could probe point-like con­
stituents (PLCs) - nucleonic states in which the long-range soft pion and gluon 
fields are suppressed.
the 3 valence quarks are close to each other. Figure 1.4 shows schematically how 
a high-momentum transfer virtual photon can probe a PLC inside the nucleus (in 
this case the deuterium). Since the cross section is proportional with the transverse 
size of the PLC it means that its cross section will be reduced. If the PLC is still 
small after propagating about 1.5 fm through the nuclear matter, the final state 
interactions are suppressed. The result is that significant color coherent effects, 
which can either enhance or suppress computed cross sections, are predicted [23] to 
occur for momentum transfer Q2 = 4 —10 GeV2. The phenomenon of color trans­
parency means that for a short period of time a nucleon can be viewed as a PLC. In 
this configuration, the nucleon can tunnel through the nuclear m atter with reduced 
interactions.
These subjects (dense nuclear matter, superfast quarks and color coherence) 
could expand our understanding of exotic phenomena in nuclei. Studies of the local
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8high-density fluctuations are important for understanding the equation of state of 
cold, dense m atter which is crucial to untangle the problem of the phase transition 
of neutron stars to “quark stars” , whose experimental existence was suggested in 
Ref. [4]. Color transparency could provide a mechanism for a phase transition to 
a new form of m atter in a sufficiently dense nuclear system, such as in the core of 
neutron star. In QCD, transitions to new phases of matter are possible in different 
regimes of density and temperature.
Such studies are therefore of great interest for understanding important issues 
of QCD, such as the existence of chiral restoration and deconfinement, the onset 
of quark-gluon degrees of freedom and the structure of the phase transition from 
hadronic to quark-gluon states of matter.
1.2 Lepton-Hadron Scattering Formalism
Lepton scattering is one of the main tools for studying the internal structure of 
the nucleus. Quantum Electrodynamics (QED) describes well the electromagnetic 
interaction between an electron and a hadron target, with an exchange of a virtual 
photon. In order to observe the internal structure of a hadron, a probe with a wave 
length smaller than the size of a hadron constituent needs to be used. Since the 
wave length is inversely proportional to the energy, a higher energy probe will allow 
us to identify smaller hadron constituents. The virtual photon exchanged in hard 
reactions between the incident lepton and a hadron constituent inside the nucleus 
is an excellent probe for studying nuclear structure. The energy and momentum 
transfers of the virtual photon (which are the energy and momentum of the scattered 
electron) are setting the resolution of this “microscope” . At low energy transfer the 
electron scatters elastically from the nucleus as a whole leaving it in its ground 
state or in an excited nuclear state. At higher energy and momentum transfers,
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9scattering is dominated by quasi-elastic (QE) processes, where the photon interacts 
with a single nucleon (proton or neutron). With increasing energy and momentum 
transfer, the exchanged virtual photon probes the quark degrees of freedom in the 
nucleon. At high enough energy and momentum transfer, the interaction can be 
approximated well by the elastic scattering from a “free” quark.
1.2.1 Elastic Electron-Proton Scattering
Elastic electron-nucleon scattering is dominated by single photon exchange. 
The proton is an extended structure and cannot be considered as a point-like par­
ticle. We need to find the “wavefunctions” that describe a proton in terms of its 
constituents quarks and gluons. The Feynman diagram for elastic electron-proton 
scattering is shown in Figure 1.5. The incident electron has the four-momentum 
k(E, k ) with the incident energy E  =  Ebeam and the scattered electron has four- 
momentum k'(E',k') with emerging energy E' . The proton target has the four- 
momentum p(Ep,p) with the energy Ep and the knocked-out proton has four- 
momentum p'(Ep,f?) with the energy E'p. A virtual photon with four-momentum 
q{v, q) is exchanged between the incident electron and the proton target with the 
energy v = E  — E ' . The scattering amplitude for this process can be written as a 
product of current densities for the electron and the proton, and the photon propa­
gator:
= (u )
where j f  is the current density of the incident lepton (electron or muon), j p is the 
current density of the nucleon target, and Q2 = —q2 = AEE' sin(0/2) is the Lorentz 
invariant square of the four-vector momentum transfer. The electron current density 
can be expressed in terms of Dirac spinors (u and u), q-matrices and the electron







FIG . 1.5: Feynmann diagram for elastic electron-proton scattering.
charge (e) as:
j 1* = —e u ^ u ( 1.2 )
Since the proton is not a point-like particle, we can describe the hadronic current 
density as a general Lorentz covariant quantity that satisfies parity, time-reversal 
invariance and current conservation, all of which are obeyed by the electromagnetic 
interaction:
J n  =  e u * i ( Q V  +  ~ F 2(Q2) ia ^ q v
2  M,
it , (1.3)
where the “form factors” F\ and F2 depend only on Q2, Mp is the proton mass, 
and k =  1.79 is the anomalous magnetic moment of the struck nucleon. F\ and 
F2 are experimentally measurable quantities that describe the deviation from point­
like scattering and characterize the structure of the proton. Proton structure is
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determined primarily by strong-force interactions between its constituents. The 
scattering of a unpolarized “spinless” lepton from a “spinless” and infinitely heavy 
point-like target particle is expressed by the differential Rutherford cross section:
(Ze)2oiEMd a \  _  4{Ze)2aEME'2
d £ l  J  Rutherford
(1.4)
Q4 4E2 sin4 (6ei/2) ’
where o.em =  is the fine structure constant of electromagnetic interaction and 
Ze  is the electric charge of the point-like hadronic target. For electron scattering 
we introduce a factor (l — j32 sin2 | )  due to the spin of the electron and a factor ^  
due to the recoiling of nucleus. Here and c is the speed of light. In the limit
/? —>•! the differential cross-section becomes the Mott cross-section:
da
dVL Mott





We need to take into consideration not only the interaction of the electron with the 
nuclear charge, but also we have to consider the interaction between the current of 
the electron and the nucleon’s magnetic moment. Thus, the magnetic interaction 
introduces a factor sin2 |  into the interaction and we obtain for the cross section of 




^  /  Mott
Q 2 2 9 el
+  2M j t a n  T
( 1 .6 )
Introducing the nucleon structure functions and F2 the total differential cross 
section can be expressed as:
da ’ d a ' 
dn Mott 4 M f 2
A linear combination of F\ and F2 leads to a more convenient expression of the 
above equation so called the Rosenbluth formula:
da
dQ ®Mott
g |(Q 2) + g 2m(Q2)
1 +  r
2 tG2m (Q2) tan 2 ^ ( 1 .8 )
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where Ge =  Fx — tkF2 and Gm = Fx + kF2 are the Sachs electric and magnetic
form factors., and r  =  Q2/AM*. The measured Q2-dependence of the Sachs form
factors gives information about the radial charge and magnetic moments. In the 
limit Q2 —> 0 the Sachs form factors are the Fourier transform of the charge and 
magnetic moment distributions within the nucleon [5], and
lim G e =  1, lim G m  =  1 +  k =  AG> (1-9)
q2—>o Q2—>o
where the magnetic moment of the proton is defined as fip =  eh/2Mp = 2.7929//^, 
with /j,n — 3.1525 x 1CT14 MeV-T^ 1 the nuclear magnetic moment. At Q2 =  0 the 
Sachs form factors for proton and neutron take the values:
Gpe =  1, Gpm = 2 .7 9 ^ ,
GnE = 0 , Gm = - 1 .91/tat (1.10)
At low momentum transfer , the slope of GPE M gives us the mean square charge and 
magnetic radii, (r2, )^"M, of the proton:
(ry.. _ „ lim
V  >E ,m  -  0  j j m  d Q i  ' ^
The charge and magnetic radii of the proton are both ~  0.81 fm [5], which corre­
sponds to an energy scale of about 200 MeV, comparable to its mass. In order to 
independently determine G ^ Q 2) and GPM(Q2) the cross-sections must be measured 
at fixed values of Q2, for various scattering angles 9 and different beam energies E.
1.2.2 Inelastic Electron-Proton Scattering
With sufficient energy transfer inelastic scattering becomes possible and the 
nucleon is excited into a resonant state or into the continuum. As in the elastic 
case, single photon exchange is the dominant mechanism. The current density given
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by Eq. 1.3 cannot be expressed anymore in terms of Dirac spinors since the proton 
is a composite object made up of quarks and gluons. The inelastic cross section is 
generalized to:
da  ~  L%, W *“, (1.12)
w here L pi/ represents th e  sym m etric lep ton  tensor w hich describ es the em ission  of 
th e  v irtu a l p h oton , and is th e hadronic tensor w hich d escr ib es the absorption  
o f th e  v irtu a l p h oton  by the nucleon. T he lep ton ic  tensor can  be w ritten  as a sum  
o f sym m etric  and  an tisym m etric  parts:
L % = \u 'fu \ \u 'fu \  =  ^ T r  ((k ' +  m ) ^ ( k  + m) 7 "), (1.13)
sp in s
w here m  is th e  e lectron  m ass. T he m ost general hadronic ten sor W flv can be w ritten  
as:
= -WnT + jtfp 'V ' + t t f x ' r  + jjpHp'V + iV), (1.14)
in  w hich  g^v =  (1, —1, —1, —1) is th e m etric  tensor. Eq. 1.16 can  be further sim plified  
due to  current conservation  q^W ^11 =  0. T h e inclusive d ifferential electron-proton  




lab 4E 2 sin4 |
d a \
dn)
W2{v, Q2) cos2 ^ +  2W\(y, Q2) sin2 ^
9
M o t t
2W\ tan -  + W 2 (1.15)
In the case of elastic scattering, the energy transfer u and the four-momentum 
transfer Q2 are related by the expression v = Q2/2MP. In inelastic scattering these 
variables become independent. From conservation of energy and momentum at the 
hadron vertex (see Figure 1.5):
W  = p +  q, W 2 =  p2 + 2p ■ q +  q (1.16)
Here W  is the invariant mass of the hadronic system. In the lab frame p ■ q — Mpu 
and the invariant mass squared can be written as IT2 =  Mp+2Mpv —Q2 and depends
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on two independent scalar variables, Q2 and v. Structure functions are measurable 
quantities that describe the photon-nucleon interaction. For values of Q2 < 1 GeV2 




FIG. 1.6: Deep inelastic e-p scattering in the parton model.
photon probes the nucleon constituents (quarks), it is more convenient to express 
them as functions of x = the so called Bjorken scaling variable. In the limits 
Q2 —> oo and v -* oo, with x  fixed, the structure functions Wi and W2 scale as:
M p W ^ Q 2) F ^x ) ,  (1.17)
vW2(v,Q2) - + F 2(x). (1.18)
Data from SLAC [3] support the scaling behavior in which x  becomes the fraction 
of the nucleon momentum carried by the struck quark. The scattering process in 
the deep-inelastic region can be visualized as in Figure 1.6. The virtual photon is 
absorbed by a quark which carries a fraction x  of the momentum of the proton. 
In this picture the struck quark i has momentum pi =  xp and a mass rrii «  x M  
before absorbing the virtual photon, where p is the four-momentum of the proton 
and Mp is the nucleon mass. Because the quarks are point-like particles of spin | ,
the electron-muon formalism could be applied here. The differential cross-section
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for elastic scattering of an electron by a quark of flavor % becomes [6 ]:
(Pa, 4a2E'2
dtldE' QA
2  2  I , 2  Q 2 ■ 2 ( 9e j cos -  +  e--—  ^ sin '
2J ' 1 2 m2 ~~~ \ 2
in which e* is the fraction of electron charge carried by the quark of flavor i. Com­
paring the above expression with Eq. 1.17, and using the rrii =  xM,  we obtain:
=  (L20)
W ith the probability that a parton of flavor i has momentum fraction x, and con­
sidering that the contributions of individual quarks to the inelastic e-p differential 
cross section add incoherently, we obtain:
M p f W O ^ Q 2) =  =  F ^ x ) ’ (L 2 1 )
i
vW2(v, Q2) =  ^ 2  4 x f A x ) =  F2(x ), (1.22)
i
where fa(x) is the probability that a quark of flavor i has momentum fraction r .  A sa 
result we obtain the Callan-Gross relation 2xFi(x)  =  F2{x), which is a consequence 
of quarks having spin 1 / 2  and basically states that in order for a photon to be 
absorbed by a parton (quark) with momentum fraction x, it must have the right 
values of Q2 and u such that x = xsjorken =  which is in fact the elastic 
electron-quark scattering constraint. This explains the observed scaling behavior in 
the deep-inelastic scattering regime, and proves the existence of point-like spin 1 / 2  
constituents inside of nucleon. QCD, however violates this scaling law.
1.3 d(e,e'N)N  Exclusive Reactions Formalism
One of the primary goals, in the study of d(e,e’N)N exclusive reactions, is the 
determination of the high momentum component of the deuteron wave function, 
which is believed to be dominated by short-range nucleonic correlations (SRC). The
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precise description of the coupling between the electron and the virtual photon, 
using QED, and the exclusivity of this reaction allows us to obtain a deeper under­
standing of the dynamics of the reaction as well as to gain information about the 
microscopic structure of SRCs. The combination of three factors: high energy, high 
momentum transfer and exclusiveness could lead to nuclear color transparency (CT), 
in which point-like quark configurations could pass nearly undisturbed through the 
nuclear medium. During the last decade a dozen experiments were dedicated to 
semi-exclusive nuclear reactions at large momentum transfer (> f ew  GeV/c), in the 
quest for nuclear color transparency [7] [8 ] [9] [10] [11]. Theoretical descriptions of 
semi-exclusive reactions have been successful in medium-energy nuclear physics [1 2 ] 
and lately they have been applied to hadronic interactions with large transferred 
energy and momentum. The main challenge for theoretical descriptions consists of 
describing the strong re-interaction of final-state hadrons in nuclear matter, which 
seem to be the dominant feature of these reactions. For small energies of produced 
hadrons (E n < 1 GeV) final state interactions (FSIs) in semi-exclusive reactions 
are usually evaluated in terms of an effective potential for the interaction in the 
residual system using the optical model [13]. For large energies the description of 
FSIs becomes more complicated due to the increasing number of partial waves with 
energy, and due to the predominantly inelastic nucleon-nucleon (NN) interactions 
for E n  > 1 GeV. Final state interactions in hadron-induced nuclear reactions at 
higher energies (1 < E # < 4 GeV) were often described within the Glauber ap­
proximation [14]. The formalism for calculating cross sections for semi-exclusive 
processes (e.g. the exclusive d(e,e'p)n reaction) was developed by Glauber based 
on the assumption that the interactions of the incident particle (electron, tc) with 
the nucleons (protons or neutrons) inside nuclei could be individually treated by 
the general methods of diffraction theory. The nucleons were considered frozen in 
their instantaneous positions during the incident particle’s passage through nuclear
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matter. The interactions of incident particles were assumed to be described by two- 
body forces and as a consequence the total phase change of the emerging wave was 
approximated by the sum of the phase changes produced by the individual nucleons. 
This approximation works well for stationary scatterers but it cannot be applied to 
the class of eA reactions in which bound nucleon momenta and excitation energies of 
the residual nuclei are large enough such that short-range multi-nucleon correlations 
are dominant in the nuclear wave function [15].
FIG. 1.7: First order Feynman diagram for the lepton-nucleus interaction.
1.3.1 Features of Exclusive Electronuclear Reactions
The general type of these reactions can be diagrammatically represented as 
in Figure 1.7. A large momentum q =  (u, i f )  is transferred to the nucleus and 
the observed final hadronic state carries almost the entire momentum of the virtual 
photon (fast hadrons with momentum pf  ~  q), while the residual hadrons (spectator 
hadrons with momentum ps) carry a relatively low momentum < 1 GeV/c. The
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general kinematic requirements are:
Q2 > 1 GeV2, pf  «  q, pf  »
ps < lG eV /c ,  E f ^ > E m = E f  — u, (1.23)
where pm =  pf  — q is the missing momentum of the reaction, Ef  =  ^jVP + p'j 
and E m is the missing energy characterizing the excitation of the residual nuclear 
system, and M  is the mass of the nucleon. We can construct light-cone momenta 
as:
p ± = p 0 ± p z (1.24)
where the z axis is chosen along the direction of the virtual photon momentum q. 
For the kinematic constraints in Eq. 1.23:
Q- , Pf-  m 2 -
~  ~  J~2 ^  1 ) (1-25)q+ 2  q pf+ 4pj
where x  is the Bjorken scaling variable mentioned earlier. These small parameters 
are one of the important features of high-energy scattering as compared to the low- 
intermediate energy reactions, as will be shown later in the text. Four main processes 
contribute to semi-exclusive electronuclear reactions in which at least one energetic 
nucleon is observed in the final state, as shown in the Fig. 1.8. Fig. 1.8 (a) shows 
the impulse approximation (IA) amplitude, in which the virtual photon knocks out 
a bound nucleon which propagates without further interactions. Fig. 1.8 (b) shows 
the FSI amplitude, in which the knocked-out nucleon re-interacts with the residual 
hadronic system. Fig. 1.8 (c) shows the amplitude due to meson exchange currents 
(MEC), in which the virtual photon interacts with the mesons exchanged between 
two nucleons in the nucleus. Fig. 1.8 (d) shows the isobar current amplitude (IC), 
in which the virtual photon produces a A-isobar that re-interacts with the residual 
nuclear system producing a nucleon in the final state.
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FIG. 1.8: Diagrams for the A (e,e'N ) reaction in the impulse approximation (a), 
w ith  final state interactions (b), w ith  meson exchange currents (c), and with  
A-isobar (d) contributions to the scattering amplitude.
For the kinematics of large missing momentum pm and missing energy Em, and 
small Q2(-<  1 GeV2) the FSI, MEC and IC diagrams dominate the cross-section. 
While at large pm and Em the IA amplitude is defined by the nuclear wave function 
at short inter-nucleon distances, the FSI, MEC and IC amplitudes are defined by 
the nuclear wave function of average configurations [15]. As shown in Figure 1.9, 
in semi-exclusive A(e,e’N) reactions, for small Q2(< 1 GeV2), only x  =  < 1
is appropriate for detection of large pmz ^  300 MeV/c. At small Q2 FSIs are 
dominated by S-wave scattering and have broad angular distribution, making it 
difficult to isolate or suppress them with respect to the impulse approximation 
amplitude. Therefore, it is impossible to probe small time-space intervals in the 
nucleus using probes of larger size (1/q ^  1 fm). Measurements [16] of MEC and IC 
contributions to the d(e,e’p)n cross section at large missing momenta and low Q2 
are shown in Figure 1.10. In the kinematic region of these experiments theoretical 
calculations [1 2 ] show that for large pm (> 300MeV/c),  MEC and IC (see Fig. 1.10 
full curve) dominate the PWIA (see Fig. 1.10 dashed curve) contribution. For large 
energy and momentum transfers the wavelength of the probe becomes much smaller










FIG. 1.9: The z component o f the m issing momentum pmz as a function of x, 
for different values of Q 2 (Q 2 =  0 . 5 , 1 , 2 , 3 , 4 , 5  GeV2), for quasi-elastic A(e,e'N) 
reaction at large missing momenta and low Q2, in the impulse approximation.
than the sizes of the interacting particles, and we can see more clearly inside the 
nucleus. Quantitatively, with increasing energies, the small parameters given in 
Eq. 1.23, become available and they play an important role in the calculations of 
these reactions. In the following section I will discuss the basic features of all four 
amplitudes in Figure 1.8 at large values of Q2.
1.3.2 Plane Wave Impulse Approximation
The impulse approximation diagram for electro-disintegration of the deuteron is 
shown in Figure 1.11 (a). We consider the reaction e +  d —>■ e' +  p +  n in  which the 
recoiling nucleon has momentum ps < 1 GeV/c and the virtual photon is exchanged 
with a bound (off-shell) nucleon with Fermi momentum — ps. A description of the 
electromagnetic interaction with off-shell nucleons [15] presents many uncertainties
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FIG. 1.10: T he p m dependence of the differential cross sections of d(e,e'N) reaction  
for Q 2 =  0.13 — 0.33 GeV2. The data are from Ref. [16]. Solid and dashed 
curves correspond to theoretical calculations [12] w ith and w ithout MEC and IC, 
respectively.
due to the absence of a self-consistent theory of the strong interaction that describes 
the binding of the nucleon. In the case of low energy transfer the off-shell effects are 
characterized by the modifications of the nucleons properties due to the in-medium 
nuclear potential [17]. At high energy transfer the virtual photon interacts with 
nucleons in a rather large phase volume, thus the off-shell effects are mostly related 
to the non-nucleon degrees of freedom [15]. The covariant Feynman amplitude 
corresponding to the diagram of Fig. 1.11 (a) can be written as [18]:
aim _  u(ps)u(pf ) r ^ N [pD - p s + m } r DNN
0 ~~ / \q 2 i • > [ i .2 o j
[Pd -  Ps) - m 2 +  16




FIG. 1.11: Diagrams for the e +  d —» e ’ +  p +  n reaction, (a) the PW IA
contribution, (b) the single re-scattering contribution.
in which p =  7 " ,  p  are the indices corresponding to the light cone components
(+ and —) of the electromagnetic current , Tunn  represents the covariant D —>■ NN 
transition vertex and is the covariant electromagnetic vertex of the 7 *Nbound —» 
N  transition. The spin indices of the deuteron are suppressed for simplicity. Both 
Tdnn and are covariant vertices, and in the time-ordered expansion they
contain both the impulse approximation and vacuum fluctuation diagrams (e.g. 
Tdnn  may represent N D  —>■ N  and T^,N may represent 7 *  —>■ NN ).  For the 
“p =  —” component of the electromagnetic current the vacuum component of the 
D  —>■ N N  vertex is negligible if one uses the reference frame in which the target 
(deuteron) has a very large ( ^  <C 1 ) momentum, called the infinite momentum 
frame [19]. In this case, for the ” component, the amplitude of 7 *  — >■ N N  with 
subsequent Nd —> N  is strongly suppressed, and only the contribution in which 
7 *  interacts with the bound nucleon survives. In the case of other components 
of electromagnetic currents this is not true. In general a complete description of 
the off-shell nucleon currents requires the negative energy state contribution with 
additional invariant form-factors as compared to the on-shell nucleon [20]. The 
off-shell part of the ” IA amplitude decreases with increasing transferred energy.
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Thus, in the high energy limit one can identify the “good” component (“—”) of the 
electromagnetic current which is insensitive to the off-shellness of the bound nucleon 
spinor [18]. We introduce the electromagnetic current for a bound nucleon as:
f  =  u ( P f ) ^ * Nu ( p D ~  p s)- (1-27)
This current still has an ambiguity related to the off-shellness of the bound nucleon. 
However this effect is rather small for the kinematics of Eq. 1.23. Using the approx­
imation po — Ps +  m  u\ (pd — Ps)u\ (pd ~  Ps) and inserting j^  into Eq. 1.26,
we obtain for the scattering amplitude:
All f u { p s)u(pD - p s) VDNN H ocA
0 ~  ( \2 2 i • fi.ZOJ[Pd -  Ps) -  m  +
Since we neglect negative energy contributions we can express the D — > N N  vertex 
using the non-relativistic deuteron wave function [2 1 , 2 2 ]:
M P . )  =  A p . H p q - P . A o ^  (1.29)
[m2 -  (pD -  ps)2] \ J (27r)32m 
Inserting Eq. 1.29 into Eq. 1.28 for the scattering amplitude within IA we obtain:
A q =  V/ (2tt)32 E si;D(ps) f ( p s ,q).  (1.30)
1.3.3 Single Re-scattering Am plitude
Figure 1.11 (b) represents the single re-scattering amplitude. Using the Feyn­
man rules (see Appendix A) and the kinematic restrictions mentioned earlier in the 
section we can express this amplitude as [18]:
_ _ P A iA j  . }»,n(Pd ~p1+qtPD- pt). D(pt) ~ itf,'D(p,)],
(1.31)
where kt = p'sl_ — psi_ is the transverse component of the momentum transferred 
during NN re-scattering, ps(pSz,Ps±) =  Ps(Psz — A , p sj_ — k±), ipo is the deuteron
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wave function defined in Eq. B l, and tl)'D is defined in Eq. B7 (see Appendix B). The 
scattering amplitude f pn{kt), which enters with ipD, and f pn{kt) which enters with 
4>'d , are generally different, since in the later case f pn(kt) corresponds to the off-shell 
amplitude. The off-shell contribution from ijj'D is small and the off-shell effects in 
f Pn(kt) can be neglected. Using the Fourier transform of the deuteron wave function:
^ d {p) =  J  d3r(j)D(r)e~ipr, (1.32)
and the coordinate space representation of the nucleon propagator:
K - J + A  + . ]  = >4 (i.33)
one can obtain a formula for the re-scattering amplitude which can be reduced to the 
Glauber approximation (GA) in the limit of zero longitudinal momentum transfer 
A as follows [18]:
A t  = - f ( p s + W s ) — 1 j  d3r ^ ( r ) e ( - z ) r pn(A, - z ,  - b ) e ^ \  (1.34)
where r = rp — rn and the generalized profile function Tpn is defined as [18]:
1 r rl2 k i
T""(A,z,b) =  (1-35)
Glauber theory was derived [14] in the approximation of stationary nucleons, i.e.
for zero momentum of spectator nucleons in the target. The dependence of the
profile function Tpn on the longitudinal momentum transfer A originates from the 
non-zero momentum of the recoiling nucleon, ps. In conclusion, in the limit of single 
re-scattering, the generalization of GA, so called generalized eikonal approximation 
(GEA), requires the addition of a phase factor elAz in the Glauber profile function 
rpri(A,z,b) [23] which accounts for the geometry of high-energy processes related 
to the longitudinal momentum transfer in the rescattering. This factor arises from 
excitations in the residual nuclear system. This result is analogous to the account of
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finite coherence length effects in the diffractive vector meson photoproduction from 
nuclei in the eikonal approximation [24], In this case GEA reflects final longitudinal 
distances (<  R a - nuclear radius) for photoproduction processes at intermediate 
energies.
1.3.4 Final State Interactions
When a fast nucleon propagates through the nuclear medium it reinteracts with 
the residual hadronic system and as a result some information about the preexisting 
momentum distribution of the bound (off-shell) nucleons is lost. Due to FSIs the 
reconstructed recoil momentum does not coincide with the actual momentum of the 
bound nucleon in the nucleus. Thus FSIs hinder the extraction of reliable informa­
tion not only on nuclear structure, but also on fundamental hadronic properties in 
the medium. With increasing energy the soft (small angle) NN interaction is sim­
plified in several ways. As seen in Figure 1 . 1 2  both pp and pn  total cross sections 
become nearly energy-independent at lab momenta greater than a few GeV/c. This 
simplifies the description of FSIs because at small scattering angles the NN scat­
tering amplitude is proportional to and is predominantly imaginary, which
will conserve the helicity of the interacting particles. Another consequence of high 
energies is the onset of a new (approximate) conservation law in which the light-cone 
variable cq =  i = 1, 2, of the bound nucleon is conserved, and p_ =  p0 —pz. The 
uniqueness of high-energy rescattering lies in the fact that although both energy 
and momentum of the bound nucleon are distorted due to re-scattering, the combi­
nation p0 — pz is not. This can be seen from Figure 1.13, where a  was calculated 
[18] as a function of the scattered nucleon momentum. The smaller the transferred 
momentum during re-scattering, the better the accuracy of the conservation law. 
Since the a  distribution of bound nucleons is largely preserved, even in the pres-
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FIG. 1.12: Proton-proton and proton-neutron total cross sections as a function of 
the incoming mom entum in the laboratory frame. D ata is from Ref. [25].
ence of FSIs, we can effectively investigate the short-range properties of nuclei in 
semi-exclusive reactions. At electron scatterin small angles the momentum transfer 
is practically transverse and the NN scattering amplitude can be parameterized as 
I n n  isatote 2pi ,  in which ft is a slope parameter related to the angular distribu­
tion of NN scattering at forward angles and p± is the transverse component of the 
nucleon momentum. And one last feature of high momentum transfer exclusive re­
actions is summarized in the so called R eduction Theorem  which basically states 
that high energy particles propagating in the nuclear m edium  cannot in­
teract with the same bound nucleon a second tim e. As a consequence of this 
theorem, in the limits where the virtuality of a bound nucleon (which is interacting 
with the propagating, energetic nucleon) can be neglected, the sum of the interaction 
amplitudes for a given nucleon can be replaced by the invariant phenomenological 
NN scattering amplitude /aw  (see Figure 1.14), which can be extracted from the













FIG. 1.13: Conservation of a  =  ~ - , i  =  1 ,2 as a function of the propagating nu­
cleon momentum, k\ ,  at different values of average m om entum  transfer (k'f) [18].
NN scattering data [23]. This is the basic ingredient of the generalized eikonal 
approximation (GEA). The major difference from the conventional semi-classical 
approach (Glauber approximation) is that the GEA does not require the spectator 
nucleons to be stationary scatterers [14], Using the reduction theorem a new set of 
Feynman diagram rules were derived for the scattering amplitude of a knocked-out 
nucleon undergoing n scatters off the (A - 1) residual system [15]. According to 
these rules (see Appendix C) the n-fold rescattering amplitude can be represented 
by n vertex amplitudes in which each vertex corresponds to one NN scattering. The 
NN scattering amplitude could be written as:
f NN = a?otN(z + a)e~ (L36)
where a ™  is the total NN cros section, a  (not to be confused with the light-cone 
fraction) is the absorptive part of EVw, and f3 is the slope of the variation of NN
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FIG. 1.14: The sum of the scattering vertices is replaced by the NN scattering  
am plitude in GEA.
scattering angular distribution (forward angle) with energy. These parameters can
be extracted from experimental NN scattering data. Using these new Feynmann 
rules one can express the intermediate spectator states in the diagram of Figure A .l 
in terms of nucleons but not nuclear fragments because we can use closure over var­
ious nuclear excitations in the intermediate state. Because the typical average scale 
for high energy reactions is significantly larger than for nuclear excitations, one can 
use closure, and after the evaluation of the intermediate-state nucleon propagators, 
the covariant amplitude will be reduced to a set of time ordered non-covariant di­
agrams. This establishes the connection between the nuclear vertex functions and 
the nuclear wave functions:
where Ta{pi,P2 j ■■■Pa) are the vertex functions which describes the transitions be­
tween a nucleus A  and A  nucleons with momenta Pi,P2 , ---Pa, and D(pi) =  —{p\ — 
m  — ie) is the intermediate nucleon propagator. Here the wave functions Ua are 
normalized such that:
i>A(Pl,P2,-PA)
1  T a (p u P 2 , - P a ) (1.37)
(1.38)
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1.3.5 M eson Exchange Currents and A-Isobar Contributions
Estimates of contributions from meson exchange currents corresponding to di­
agrams similar to Fig. 1.15 (a) are rather controversial at large Q2 since these 
terms are very sensitive to the assumed t-dependence of the meson-nucleon ver­
tex form factors. These form factors are obtained from a fit to the experimental 




FIG. 1.15: Meson Exchange Currents (a) and the A-isobar contribution (b) for 
the e 4- d —>■ N +  N reaction.
currents (MEC) and A-isobar contributions (IC) to the NN scattering amplitude 
become dominant for higher momenta ps. The virtuality of the exchange mesons 
grows with Q2 for Q2 »  m 2meson, where m meson is the meson mass. One expects that 
the contributions of meson exchange currents will decrease with increasing virtuality 
Q2. The overall Q2 dependence of the MEC amplitude can be estimated as [18]:
a m e c  ~  [ d 3P  • V > ( p )  ( r ) 2  _ r ? 2" — \ ^ m n n ( Q 2 )
J  [yc  i f n m e s o n )
f  (  1 \
K J  i Z p - m { ( Q ^  < „ „ „ ) ( !  + «7A»)>J
where ~  1 / (Q 2 + m 2mes(m) is the meson electromagnetic current proportional to 
the elastic form factor of the meson, and rr?mes(m «  0.71 GeV2. For the meson-
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nucleon vertices, the meson form factor TM n n  ~  (1 +  Q2/ A2 ) - 2  with A ~  0 . 8  — 1 . 
GeV2. For large Q2 quark counting rule lead to T M n n  Thus we expect that
MEC will be strongly suppressed for Q2 > {m2meson, A) ~  1 GeV2. SLAC experi-
d(e,e;)X
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FIG. 1.16: The Q2-dependence of W \jW 2 for the inclusive d (e,e’)X  reaction. The 
data are from Ref. [26]. Epn = Wpn -  rrip -  ebound^  wjiere Wpn = W 2, D =
{q,L +  Pfj)2 is the CM energy of the proton and neutron in the final state of the 
reaction. Solid lines are PW IA predictions within light cone dynam ics in the 
collinear approach [18].
ment [26] results as shown in Figure 1.16 indicate such suppression. The experiment 
measured the ratio of structure functions W i/W 2 at the deuteron threshold x  —> 2 . 
Particularly the Q2-dependence of this ratio at fixed relative energy of the final pn 
system is sensitive to the (^-dependence of MEC contributions. Fig. 1.16 indicates 
that MEC contribution decreases with the increase of Q2 and become negligible for 
Q2 >1.5  GeV2 and Epn > 50 MeV.
For the case of IC contributions, the virtual photon produces the A-isobar in the 
intermediate state which subsequently re-scatters off the spectator nucleon through
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FIG. 1.17: The 9n dependence of ratio T  at Q 2 =  1 GeV2. The curve marked by 
“NM ” corresponds to the cross section including final state interactions calculated  
in Ref. [12], T he curves w ith “N M +M E C ” and “N M +M E C +IC ” correspond to 
the calculations o f Ref. [12] including meson exchange and A-isobar contribu­
tions respectively. The curve marked by “G EA” corresponds to  the cross section  
calculations of Ref. [18] using the generalized eikonal approximation.
the A N  —* N N  channel, as is shown diagrammatically in the Figure 1.15 (b). The 
A-isobar current contribution can be estimated as [18]:
/ ( 777?   777? \'IpD ( Pmt ktiPmz 2 ^ ) N )^-A,N-^NN{kt)d kf, (1.40)
where J 7 *na(<32) and n^-nn  are the electromagnetic N  -+ A and hadronic 
iV A  —> N N  transition amplitudes, respectively. There are several factors that con­
tribute to the suppression of IC contributions at high Q2 as compared to the IA 
contributions. The main factors are the energy dependence of A A!N^.Nn  ampli­
tude and the Q2-dependence of the electromagnetic y*A^A transition form factors, 
as compared with the elastic N N  —» N N  amplitude and the -y*N form factor, 
respectively. The N  —>■ N N  amplitude is known to be dominated by the pion
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Reggeon exchange with the p-Reggeon which dominates at very high energies, thus 
being a small correction up to energies of y/s ~  30 GeV [27]. The scattering 
amplitude of an interaction depends on the spin, J, of the exchanged particle as: 
A  ~  sJ , in which s is the square of the center of mass energy of final the N N  sys­
tem (s «  ( |  — 1 )Q2 +  2m2). Using the spin dependence of scattering amplitude the 
A N  —»• N N  transition amplitude is being suppressed at least by a factor oc l / Q 2 
(at Q2 > 2  GeV2), as compared with the elastic N N  —>• N N  amplitude, leading 
to a similar suppression of IC contributions. There is an experimental indication 
that the electromagnetic 7 * i V A  transition form factor decreases even faster with 
Q2 as compared to the elastic 7 *N N  transition amplitude [28]. In Figure 1.17 are 
shown the results of the model of Ref. [12]. The ratio between the full cross section 
(containing all the contributions of Figure 1.11) to the PWIA cross section, T, is 
plotted versus the nucleon polar scattering angle. Calculations have been performed 
in the kinematics Q2 =  1 GeV2, q0 ~  400 — 500 MeV/c for the spectator momentum 
pn — 400 MeV/c. Within this model the contributions of meson and isobar cur­
rents, in the kinematics where NN soft re-scattering is dominant, are small (~  6 % 
for MEC and ~  4% for IC contributions).
1.3.6 d(e,e'N )N  Cross Section
The cross section of d(e,e'N)N can be written in terms of leptonic and hadronic 
tensors as follows:
d E W r P 2 E f d ^ / 2 E ,  = f  + “ ~ P’ ~ P‘) (1'41)
where 77^  =  h  =  (Ee,ki),  and k2 = (E'e,k2) are the four-momenta
of the incident and scattered electrons, respectively. The electromagnetic tensor Tp
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of the deuteron is:
rr = E (Ao+ A ^ A ° + A ^  (L42)
sp in
where A0 and A\  correspond to impulse approximation and single re-scattering 
amplitudes calculated earlier in Eqs. 1.30 and 1.34. Using the fact that in soft NN 
re-scattering < k2 >rms~ 250 M eV 2/c 2 <C |q|2 the bound nucleon electromagnetic 
current can be factorized out of the integral in Eq. 1.31. The distorted wave impulse
approximation (DWIA), in which the scattering cross section is represented as a
product of the off-shell eN  scattering cross section aeat and the distorted spectral 
function S d {p j ^Ps) replaces PWIA in this case:
J p m ^ = pV ^ o ( P!,P,). (1.43)
Here the distorted spectral function can be represented as follows:
S D ( P f , P s ) ^d{Ps) ~ h j  ■ [i’DiPs) -  ilp'DiPs)\ (1.44)
The off-shell cross section ae^  contains ambiguity in the spinor part related to the 
fact that the knocked-out nucleon is bound. The above calculations using the fac­
torization theorem are assuming that the contributions from MEC and IC currents 
are small in the kinematics where NN rescattering is dominant. In contrast with 
these earlier theoretical predictions, a recent theoretical development [29] supports 
a major contribution due to IC and MEC currents to the scattering amplitude in 
the same kinematical region mentioned above. These calculations are discussed in 
the next section.
1.3.7 New Theoretical Developm ents
A new theoretical approach [29] uses kinematics where re-scattering takes place 
on a propagating on-shell nucleon. In this picture the electron scatters on a pro­
ton at rest which propagates on-shell and re-scatters on the neutron which is also
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at rest. In the Lab frame, the soft neutron recoils at 90° with respect to the fast 
proton which is emitted in the forward direction. The angle between the soft neu­
tron momentum and the momentum transfer direction is defined as Or .  Two body 
kinematics imposes that the angle Or of the re-scattering peak moves with the recoil 
momentum (see Figure 1.18). The same occurs, in a different part of the phase 
space, when the electron interacts with a neutron (the case of this analysis). The
4.5 eD->epn
Q2 = 2.35 GeV: 
E a = 4.7 GeV
3.5
PD = 500 MeV/c
2.5
0.5 P0 = 200 MeV/c
40 60 1 0 0 1 2 020 80
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FIG. 1.18: The ratio R  = ^p^ia versus the angle between the recoil nucleon 
(neutron) and the virtual photon mom entum q direction. FSI (dashed lines) and 
M EC+IC (full lines) for two fixed values of recoil momenta are shown [29].
model involves on-shell elementary matrix elements and they are maximized in the 
quasi-elastic kinematics, when the re-scattering takes place on a nucleon at rest, 
and x  =  =  1, where x is the Bjorken scaling variable, u is the energy of the
exchanged virtual photon, and m p is the mass of the nucleon. In these kinematics
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the singular part of the FSI and MEC amplitudes does not depend on Q2, beyond
the momentum dependence of the momentum operators. Thus, one expects that 
with increasing Q2 the FSI, MEC, and IC contributions will dominate the total cross 
section. By choosing these kinematics we could study exotic components of the nu­
clear wave function via color transparency or color screening. Figure 1.18 shows the 
features of quasi-elastic on-shell re-scattering effects. It shows the dependence of 
the ratio between the full cross section of the d(e,e'p)n reaction and the quasi-free 
(PWIA) contribution versus the angle Or between the recoiling nucleon and the 
virtual photon, for constant recoil momentum. Near =  70° (where x  =  1) FSIs 
are maximized, and on-shell rescattering is dominant.
At low values of the recoil momentum (ps =  200 MeV/c), the on-shell nucleon 
cross section is reduced by screening, while at high values of the recoil momentum 
(ps =  500 MeV/c) the quasi-free contribution is suppressed due to re-scattering 
effects. Similarly, the meson exchange currents (MEC) and A-isobar (IC) contri­
butions induce “singularities” at large recoil angles and shift the NN re-scattering 
peak (Figure 1.18 - full lines). Other virtual nucleon resonances can be excited and 
propagate, widening the peak even further toward large re-scattering angles. In the 
range of recoil momenta of a f ew  hundred MeV/c the A-isobar contribution is larger 
than that of higher mass resonances. This approach uses relativistic propagators to 
estimate the PWIA and FSI contributions, and no angular approximation is made 
in evaluating the integral loops [30]. The PWIA and FSI scattering amplitudes for 
d(e,e'p)n are computed using the following descriptions:
TpwiA
(1.45)
+ +  D Wave
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+  (Xp\Jp(q2)\ms ~ Xs)(p2m 2pimi\TNN\pXpnXn)}
(1.46)
where Ep y/'m 2 + (k — n ) 2 and po =  M & + u — y/m2 +  n2. The momenta and
magnetic quantum numbers of the outgoing proton and neutron are respectively pi, 
P2 , m i and m 2, while the magnetic quantum number of the deuteron target is Mj.  
The S  and D parts of the deuteron wave function are respectively U0 and U2. In this 
model [29] the dipole expression is used for the magnetic form factors of the proton 
and the neutron. The Galster parameterization [31] was used for the neutron electric 
form factor, while the latest JLab experimental values [32] were used for the proton 
electric form factor. Because the energy of the virtual photon is larger than the sum 
of the masses of the two nucleons, the knocked out nucleon (p, Xp) can propagate 
on-shell. Due to the dominance of the S-state in the deuteron wave function, the 
corresponding singular part of the integral is maximum when the scattering of the 
electron on a nucleon at rest takes place in quasi-free kinematics. In Figure 1.19 
the width of the on-shell (dot-dashed line) peak reflects the Fermi motion inside the 
target nucleon, while the off-shell part of the cross section is suppressed at x — 1 . 
The classical Glauber approximation uses a linearization of the nucleon propagator 
and neglects recoil effects. Thus, the re-scattering peak is fixed at 90°. GEA takes 
into account the higher order recoil terms in the nucleon propagator of Eq. 1.46, and 
neglects only terms on the order of p \ / m p. Laget’s diagrammatic approach, which 
takes into account the full kinematics, predicts the FSI peak (see Figure 1.19 - full
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FIG. 1.19: Angular dependence of the ratio of the FSI to the PWIA cross sections 
for the on-shell (dot-dashed line) and respectively for the off-shell (dashed line) 
propagating nucleon.
line) at the same place as the GEA predictions. This model uses a parametrization 
of NN scattering amplitude of the form:
Tnn  =  Oi +  z7 ((Ji +  <t2) • k± +  (spin — spin) terms, (1-47)
in which k±_ is the unit vector perpendicular to the scattering plane. This parame­
terization takes into account the fact that for higher kinetic energies of the outgoing 
fragments, more inelastic partial waves make it difficult to compute the NN cross 
section from a potential. Above 500 MeV, the central part a  of the NN scattering 
amplitude is dominant, is mostly absorptive, and can be expressed as:
W p c m , . .x -&t n  aq\a  = ---- - ^ - { e  + i)aNNe 2 (1-48)
In the forward direction its imaginary part is related to the total cross section ct^ n ,
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while the slope parameter (3 is related to the angular distribution of the N N  scatter­
ing amplitude at forward angles. Both quantities are extracted from experimental
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FIG. 1.20: The experim ental NN cross section ctnn and [3 variation with energy- 
used in the parameterization described in the text [29].
results from Los Alamos, COSY, and Saturne (see Figure 1.20). This parameteri­
zation also includes the low energy regime by expanding the amplitude in terms of 
SPD waves of the Paris potential (with a small contribution for recoil momenta TL 
above 500 MeV/c). The A-isobar and MEC amplitude contributions contain both 
7r and p meson exchanges and are computed according to Eqs. (Cl) and (C2) of 
Ref. [33]. The author of Ref. [29] implemented the full relativistic description of the 
7i N N  vertex, instead of the classical description in Eq. (C2), with a small final effect 
on the overall estimation of MEC contributions. For the N  —¥ A form factor a gen­
eral fit to the latest experimental values [34] was used: FlNa =  F<tip(Q2)( 1 — Q2/ 9),
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FIG. 1.21: The momentum distribution in the d(e,e'p)n reaction at x =  1 and 
Q 2 =  5 GeV2. Dashed line PW . Dash-dotted line: w ith FSI. Full line: MEC and 
A  included [29].
as shown in Figure 1.22. The A formation amplitude is suppressed at high Q2 (see 
Fig. 1.22) due to its steep fall-off compared with the nucleon dipole form factor 
Fdip. Also in quasi-free kinematics the singularities associated with A propagation 
are weaker than the FSI amplitude, due to the fact that the A pole is off from the 
energy axis by its half width. Figure 1.21 shows the full angular distribution of the 
d(e,e'p)n reaction for Q2 =  5 GeV2, at x  =  1. The A formation term has a small 
contribution up to pn «  800 MeV/c, but is predominant for the higher momentum 
range. At large scattering angles of the recoil nucleon FSI, MEC and IC contribu­
tions dominate the interaction between the electron and the nucleon. Preliminary 
experimental results [35,36] of the electro-disintegration of 3He and 4He show a good
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FIG. 1.22: The A form factor G*M is plotted as a function of Q2. Experimental 
values for different data sets are shown together with several theoretical prediction 
from MAID.
agreement with the diagrammatic method [29] described above and are presented 
in Figure 1.23.
1.3.8 Nuclear Transparency T and Re-scattering Effects
The ratio T, called nuclear transparency, of the cross section crIA+FSI, given 
by the distorted plane wave approximation of Eq. 1.44, to the cross section crIA, 
calculated with only the IA amplitude A 0 included, is an effective measure of re- 
scattering effects in nuclei. The nuclear transparency T  is then:
T  — &!A+FS! _  S{pi ,ps)
o IA IiM p,)!2 '  '
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FIG. 1.23: The momentum distribution in the 3 H e(e,e’p)d reaction at x  =  1 and 
Q 2 =  1.55 GeV2. Dashed line: PW . D otted  line: w ith FSI. D ash-dotted line: 2 
body MEC and A  included. Full line: 3 body mechanism included [29].
By calculating T  as a function of the recoil nucleon angle with respect to q for 
different values of nucleon momenta (see Figure 1.24), we can clearly see the con­
sequences of re-scattering effects on the total cross section. At recoil momenta 
P s  < 300 MeV/c, T  has a minimum and generally T  < 1 while at recoil momenta 
P s  > 300 MeV/c, T  has a distinctive maximum and T > 1. These effects could 
easily be explained if we recall the fact that for soft NN re-scattering the amplitude 
is mainly imaginary f pn = atot(i +  a)e~%k± with a  <C 1. Within the theoretical 
frame described earlier by Strikman and Frankfurt (Eqs. 1.43 and 1.44), Eq. 1.44
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inserted into Eq. 1.49 yields:
Ipd (Ps) ■ f  fpn(k±) • [tpDiPs) -  tip'D(Ps)]1




f  0jsfpn(k±)  • O’DiPs) -  i ^ D(Ps)}
(1.50)
4  fPliPs)
Here and -0'D are the on-shell and off-shell deuteron wave functions, respectively.













FIG. 1.24: The dependence o f the transparency T  on the angle 0sq and the mo­
mentum p s of the recoil nucleon. T he angle is defined with respect to q.
has a negative sign and is proportional to 'll’D^Psz’P’>^o{psz-A,ps±-k±)  ^ jn ^
kinematics where the interference term is dominant there is screening of the overall 
cross section. The maximal screening is found at ps± 200 MeV/c, at which the 
square of the third term, called the re-scattering term, is small, resulting in T  < 
1 . A further increase of ps suppresses the relative contribution of the interference
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term as compared to the square of the re-scattering term which results in T > 1. 
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FIG. 1.25: The 9Psq dependence of T  at different values of ps. Solid lines are 
obtained w ithin GEA, and dashed lines are obtained within Glauber approxima­
tion [62].
with increasing ps, is explained by the fact that the interference term grows as ~  
 ^ while the re-scattering term grows as ~  \pD(Ps)\2 - Predictions of T  calculated 
within GEA and in the Glauber approximations are rather close when the recoil 
nucleon momenta are small (see Figure 1.25). Glauber theory assumes that the 
target nucleons are stationary scatterers and therefore neglects their Fermi motion. 
At large Fermi momenta predictions of both approaches differ considerably. In the 
case of ps =  400 MeV/c the GEA and Glauber approximation predictions for the 
angular dependence of the maximal contribution of the re-scattering amplitude (i.e. 
the position of the maximum of T in Figure 1.25) differ by as much as 30°. Such 
a difference is quite dramatic and is one of the motivations behind this analysis.
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As mentioned earlier one of the important features of high energy scattering is the
FIG. 1.26: T as a function of Q2 and pst at a = Esrf '
energy independence of the NN soft scattering cross section (e.g. Figure 1.20), 
which enters into the re-scattering amplitude of the d(e,e’N)N reaction as shown 
diagrammatically in Figure 1.11 (b). This feature bring us to the dependence of 
T  upon Q2. As Figure 1.26 shows, with increase of Q2, T  becomes practically 
independent of Q2 at a given value of ps. Within GEA the Q2 independence of T  
can be used as a baseline to study the onset of the color coherent regime in high Q2 
exclusive reactions off nuclei.
The elastic 7 * W interaction, at high Q2 > Ql (Ql ~  6  — 8  GeV2), is dominated 
by the contribution of the minimal Fock component of the quark-gluon wave function 
of the nucleon, which corresponds to a point-like configuration (PLC). Thus for 
Q 2 >  Q l  in the QCD picture it is expected that hard elastic scattering will favor 
PLCs from the wave function of the nucleon. This feature is characteristic of both
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the perturbative [38,46] and non-perturbative [23] regime of QCD. If PLCs are 
produced in high Q2 exclusive reactions, then because of the color screening effect 
we expect that they will propagate through the nuclear medium largely undisturbed, 
without final state interactions. This phenomena is called Color Transparency (CT) 
and is believed to be responsible for specific upward and downward changes in 
the hard quasi-elastic d(e,e’N)N cross section, depending on the kinematics which 
control the relative size of the screening and re-scattering terms mentioned earlier in 
the section. This phenomenon was observed at FNAL in high energy regime when 
perturbative QCD is valid [39,40].
In non-perturbative QCD, observation of color coherent phenomena is ob­
structed by the fact that at finite energies PLCs will evolve to the normal hadronic 
states during their propagation through the nucleus. As a result FSI will not be 
negligible at the later stages of the interaction. The rapid expansion of PLCs, is 
believed to be the major reason that prevented the observation of the onset of color 
transparency in A(e,e’p)X reactions for the range of Q2 up to 8  GeV2 [7,8]. Thus 
the major issue in the studies of color coherence phenomena in the non-perturbative 
regime is the suppression of the expansion of PLCs which can be achieved [41,42] 
in exclusive d(e,e’N)N reactions with large values of momentum transfer.
There are several non-perturbative models which allow an estimate of color 
coherence by incorporating PLC expansion (see e.g. [43,44]). One of the models de­
veloped is the Quantum Diffusion Model (QDM) of Ref. [43]. Basically this model 
introduces the dependence of the scattering amplitude on the transverse size of the 
PLC. The expansion of PLC is included in the QDM model by allowing the re­
scattering amplitude to depend on the distance from the photon absorption point. 
The calculation of the deuteron electro-disintegration cross section within the QDM 
model is performed by rewriting the amplitude of Eq. 1.31 in coordinate represen­
tation and using a new scattering amplitude for the PLC-N re-interaction f PLC’N
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to replace the amplitude of NN scattering / pn. Within QDM:
f pW ( z ,  k„Qi) = WM (Z,Q2) ■ A '  • GA,(t' g“ (;:,Q 2)/'J" , (1.51)
&N{t)
where 6/2 is the slope of the elastic NN amplitude, GA(t) ~  (1 — f/0.71)2 is the 
Sachs form factor, t =  —A;2, and crtoJ(/,Q 2) is the effective total cross section of the 
interaction of PLCs at a distance I from the interaction point. In QDM crtot(l,Q2) 
takes the following form:
( ? to t{ h Q  ) — @tot I + _  t )  | e(k - 1) + HI -  k)
G  V t /  ’‘h
(1.52)
in which lh =  2p j/A M 2, with A M 2 =  0.7 — 1.1 GeV2. Here (r2 (Q2)) is the average 
transverse size squared of the configuration produced at the interaction point. Other 
non-perturbative models are incorporating the production and expansion of PLCs 
using the fact that with an increase of energies the contribution from the inelastic 
transitions with intermediate baryonic resonances of the same spin as the nucleon 
(as N* and N**) are no longer suppressed. As a consequence the intermediate 
hadronic state (after the 7 *V vertex as shown in the diagram of Figure 1.11 (b)) can 
be represented as a superposition of nucleonic, baryonic excitation and continuum 
states. The three-state model uses the assumption that the intermediate state is a 
superposition of three resonance states (N,N*, and N**):
| PLC) = Fm A Q 2) N ,  (1-53)
m = N ,n* ,N **
where Fm^ ( Q 2) are elastic (m =  N ) and inelastic transition form factors. Color 
transparency is introduced in this model as the condition of lack of FSI at the in­
teraction point (where PLCs are produced): Ts|PLC') =  0, where Ts is the 3 x 3  
Hermitian matrix representing the small angle final-state interactions. The cross 
section in this model is obtained from Eq. 1.43 replacing the scattering amplitude 
fpn with Ts- Detailed numerical calculations were done in Ref. [41], and they demon-
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strated that both models, the QDM model and the three-states model, predict simi­
lar magnitudes for the color transparency phenomena, as a suppression of final state 
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FIG. 1.27: Theoretical predictions for the Q 2 dependence of the ratio R for the 
exclusive d (e,e’p)n reaction w ith  CT effects (solid line) and w ithout CT effects 
(dashed line) together w ith projected data points and error bars for the experi­
ment E94-019 [45] at TJANF.
quantity most sensitive to the suppression of FSIs with increasing Q2. As it was 
shown in Figure 1.24, within GEA, FSI are dominant in the transverse kinematics 
(0P,q ~  90°), corresponding to a  =  =  1. From Figures 1.24 and 1.25 we
can see that for ps < 300 MeV/c the screening term of Eq. 1.42 is dominant, re­
sulting in T  < 1 . At ps > 350 MeV/c the dominant contributions arises from the 
re-scattering term in Eq. 1.42 and as a result T  > 1. Based on these observations a 
ratio of cross section, measured at kinematics where double scattering is dominant, 
to the cross section measured at kinematics where the screening effects are the main 
contributors, becomes a very sensitive tool in studying the suppression of FSIs with
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increasing Q2:
a(p & m M e V / c )
a ( p «  200MeV/c) { ’
A prediction for the ratio R evolution with Q2 for actual experiment is presented 
in the Figure 1.27. It can be seen here that color coherent effects will suppress 
FSIs and consequently will reduce the transparency T  with increasing momentum 
transfer Q2.
1.4 Overview of Existent Data
To observe color coherent effects we need processes that are dominated by 
scattering from PLCs and that can be computed using perturbative quantum chro­
modynamics (pQCD). Several such processes have been suggested in the literature, 
and corresponding pQCD factorization theorems have been proven for them. These 
processes include diffractive pion dissociation into two high transverse momentum 
jets [23] and exclusive vector meson production [46,47]. Recent experiments at 
HERA which focused on exclusive vector meson production in deep inelastic scat­
tering (DIS) have confirmed the basic pQCD predictions -  a rather fast increase of 
the cross section with energy at large Q2, a dominance of the longitudinal photon 
cross section, and a weaker ^-dependence of the p-meson production at large Q2 
relative to J/ip photo-production. Di-jet and vector meson production processes 
have a very particular characteristic: in the region of small shadowing (for values 
of x  > 0 .0 2 ) the interaction of a qq pair with a nuclear target does not suffer at­
tenuation through nuclear matter, thus the pair qq becomes “color coherent” . As a 
result, the amplitude of this process at t =  0 , and the cross section of quasi-elastic 
processes are each proportional to the nucleon number A. At Fermi laboratory, 
E791 experiment observed color transparency in the exclusive coherent production 
of two jets in the process 7r +  A  —> 2  je ts  +  A  at pion energies of En =  500 GeV.
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As predicted [23], the A-dependence of the process [40] led to a seven times larger 
platinum/carbon ratio than soft physics would have predicted. Evidence for color 
transparency effects was reported also in incoherent vector meson production in DIS 
scattering of muons [48]. It can be concluded that CT concept has been established 
experimentally as well as theoretically using high energy processes.
The first electron-proton scattering A(e,e’p) experiment looking for color trans­
parency was NE18 performed at SLAC [7,8]. The maximum value of the momen­
tum transfer of the virtual photon Q2 was ~  7 GeV2, corresponding to a formation 
length lc ~  < 2  fm, where ph and mu are the momentum and the mass of
the interacting hadron, and A M  is the characteristic excitation energy defined by 
A M 2 =  (mlx — m l)  with m ex being the invariant mass of the closest exited state. 
Predictions of color coherent effects in this kinematical range were rather small and 
they were consistent with the NE18 data. Recent Jefferson Lab experiments [9,10], 
have been performed in the kinematical range up to Q2 =  8  GeV2 and no color trans­
parency effects have been observed. However, the accuracy of these experiments and 
the effects of expansion in the realistic models are not sufficient to rule out color 
transparency. Another experiment was performed at BNL [49], which measured the 
color transparency of nuclei measured in the A(p,2p) quasi-elastic scattering process 
near 90° in the pp center of mass. The incident momenta varied from 5.9 to 14.4 
GeV/c, corresponding to 4.8 < Q2 < 12.7 GeV2. In these experiments the angu­
lar dependence of the nuclear transparency near 90°, and the nuclear transparency 
for deuterons was studied. They found that the nuclear transparency for A(p,2p), 
unlike that for A(e,e’p), is not a constant versus energy as predicted by Glauber 
calculations. The nuclear transparency for carbon and aluminum showed an in­
crease by a factor of two between 5.9 and 9.5 GeV/c incident proton momentum. 
At higher energies, surprisingly, the nuclear transparency was observed to fall back 
to values compatible with the constant A(e,e’p) nuclear transparency, supported by
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FIG. 1.28: The nuclear transparency Tpp values for carbon and for aluminum  
(scaled) are plotted versus their p(.j/  values [49]. The solid curve represents the  
inverse of R(s)  =  J r - (#  =  90°|c.m.) x s 10. T he scale s of Q 2 is included at the  
bottom  of the figure in GeV2.
explained as an interplay between two components of the p N  scattering amplitude; 
one short range and perturbative, and the other long range and strongly absorbed in 
the nuclear medium. Studies of the A-dependence of nuclear transparency conclude 
that the effective cross section varies with incident momentum and is considerably 
smaller than the free pN cross section. The first data from a new (p,2p) experiment, 
EVA [50], at pinc =  6  — 7.5 GeV/c confirmed the findings of the first experiment [51] 
and more recently EVA has reported measurements in a wider momentum range up 
to 14 GeV/c. The data appear to confirm both the increase of transparency between 
6  and 9 GeV/c and a drop of transparency at 12 and 14 GeV/c [52], As suggested 
in [53, 54] the drop in the transparency could be understood as a peculiarity in
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the high momentum transfer pp scattering amplitudes. The recent Jefferson Lab 
data [1 0 ] studied the (e,e’p) reaction on targets of deuterium, carbon, and iron up 
to Q2 — 8.1 GeV2. The nuclear transparency was determined by comparing the data 
to calculations of quasi-free cross sections in the Plane-Wave Impulse Approxima­
tion (PWIA). The dependence of the nuclear transparency on Q2 (see Figure 1.29) 
as well as on the atomic number A  was investigated in a search for the onset of 









FIG. 1.29: Transparency Tp for (e,e’p) quasi-elastic scattering from D (stars), C 
(squares), Fe (circles), and Au (triangles). Solid large and small symbols are 
from JLab data Refs. [9] and [10], respectively. Solid large open symbols are 
SLAC data from Refs. [7,8], Small open symbols correspond to Bates data from 
Ref. [55]. Solid curves represents the Glauber calculations from Ref. [56] and 
in the case of deuterium (D), the dashed curve corresponds to calculations from 
Ref. [41]
these data allow constraints on the parameters defining the onset of CT. From an 
analysis [18] done within the QDM of nuclear transparency for the range of the
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expansion parameter AM 2 (with A M 2 =  0.7 GeV2 shown in Fig. 1.30-(a) and with 
A M  =  1.1 GeV2 shown in Fig. 1.30 (b)) it was determined that the lower limit for 
the formation of point-like constituents (PLCs) is at Q2 «  4 GeV2. The upgrade
(a)
l
|  0.9 









FIG. 1.30: The Q2-dependence of T. The solid line is the prediction of the Glauber 
approximation (GA). In (a) dashed curves correspond to the CT prediction with 
AM 2 = 0.7 GeV2 and with Q2 =  1,2,4 , 6  and 8 GeV2. In (b) dotted curves 
correspond to the CT prediction with AM 2 = 1.1 GeV2 and with Q2 = 1,2,4 
and 6  GeV2. All calculations are normalized to the data at Q2 = 2 GeV2 [18]. 
Data shown here are from Bates, SLAC, and JLab as mentioned in Fig. 1.29.
of Jefferson Lab to 12 GeV would allow measurements of T  to higher Q2 where 
the color transparency predictions for (e,e') diverge from conventional calculations 
(e.g. Glauber approximation). Experimental results from EVA have indicated in a 
model-independent way that for nucleon momenta > 7.5 GeV/c, expansion effects 
are not large enough to mask the increase of nuclear transparency. Hence measure­
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ments at Q2 > 14 GeV2, corresponding to momenta of the ejectile nucleon up to 
14 GeV, would clearly answer the question whether nucleon form factors in these 
kinematics are dominated by small or large size configurations.
1.5 Analysis Objectives
To obtain more detailed knowledge of the interaction of PLCs with nuclei, 
we can select processes in which the ejectile interacts a second time during its 
propagation through the nucleus (double scattering) [57-59]. This can be done by 
studying recoil nucleons with transverse (with respect to virtual photon momentum 
q direction) momenta pSix > 200 MeV/c. At low Q2, the majority of high momentum 
nucleons are produced from re-scattering with the spectator nucleon in the nucleus. 
The onset of CT would reduce the probability of re-scattering, thus the number 
of such nucleons will decrease. The wave functions for the lightest nuclei (D, 3He, 
4 He) are known fairly well; therefore double scattering reactions can be modeled 
accurately in terms of FSIs, based on new theoretical developments [29, 59] (e.g. 
GEA model). Another advantage of double scattering is that the inter-nucleon 
distances probed (1 — 2 fm) are not large. These distances are comparable to the 
formation length for Q2 as low as 4 — 6  GeV2 (accessible to this experiment), and 
may provide evidence for color coherent phenomena in the transitional Q2 region.
Ultimately, the double scattering measurements of this experiment will allow us 
to determine whether the lack of an observed signature of CT in A(e,e'p) reactions 
for Q2 < 8  GeV2 is related to the rapid expansion of PLCs, or if it is because PLCs 
are not produced at all in this kinematical range. This experiment has measured 
the ratio of the cross section at kinematics for which double scattering is dominant, 
to the cross section measured at kinematics where screening effects have a larger 
contribution to the total cross section, as given in Eq. 1.58. To enhance the effect
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of the final state interaction in both regions, the light cone momentum fraction a  of
the energy and the mass of the recoiling nucleon in the final state, and pSjZ is the 
component of momentum in the direction of q. Another aim of a double scattering 
experiment is to compute the ratio between the neutron and proton quasi-elastic 
cross sections at the same values of incident energy, Q2, u, E inc and pp.
This ratio should be independent of the spectral function, if this function is similar 
for both the neutron and the proton. Predictions [60, 61] shows a strong differ­
ence between several theoretical calculations. The main difference arises from the 
Q2-dependence of R at. Since the difference in spectral functions is related to the 
evolution of the FSIs, the information gained from how this ratio evolves with the 
energy will shed light on the general picture of nuclear dynamics.
Another objective of this analysis is to extract inelastic cross sections for the 
inclusive d(e,e') reaction at high x. When scattering electrons off a nucleon (proton 
or neutron), the range of x < 1. For scattering off a nucleus, it is possible for x  to 
be larger than unity. The Bjorken scaling variable a; is a measure of the fraction 
of the longitudinal momentum carried by the struck quark. Hence, x > 1 indicates 
that the electron scatters off a super-fast quark that carries more momentum than 
the nucleon. Using kinematics in which the virtual photon will knock out a nucleon 
while the correlated nucleon will be detected in the fragmentation region we obtain 
information about the structure of two-nucleons pre-existing at very small distances, 
so called short-range correlations (SRC). Ratios of A(e,e') for different nuclei, nor­
malized by A show a scaling behavior in the x > 1.5 region. It was suggested [92,93] 
that the ratio between A + l and A cross sections in the x  > 1.5 region will be pro­
portional with the probability of finding SRCs in nucleus. Previous results from
the recoiling nucleon was taken close to one (a E s P s , z 1), where E s and m  arem
eN exp
(1.55)
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Jlab-CLAS used 3He cross section as the normalization to extract SRC probabilities 
for 4He, 12C and 56Fe. The inclusive d(e,e') cross sections for x > 1.5 can be used 
now as the normalization in extracting SRC probabilities for 4He, 12C and 56Fe.
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Experim ental Apparatus
2.1 Accelerator
The Continuous Electron Beam Accelerator Facility (CEBAF) at the Depart­
ment of Energy’s Thomas Jefferson National Accelerator Facility (TJNAF) is the 
home of a recirculating linear accelerator which supplies a very low noise, high duty- 
factor, continuous polarized electron beam («70%) to three experimental halls (Hall 
A, B, C) simultaneously. A 45 MeV electron beam is delivered to the accelerator 
by a superconducting RF injector, and then accelerated through two identical linear 
accelerators (North and South LINAC) connected by two 180° arcs. The beam is 
recirculated up to five times as shown in Figure 2.1. Acceleration in the linac is 
achieved by 2 0  cryomodules, each one containing eight superconducting radiofre­
quency cavities (SRF), made of niobium, whose average gradient is 10 MeV/m. 
The SRF cavities are kept at 2 K using liquid helium produced by a refrigerator. 
At the end of each circulating pass through the machine the beam can be extracted 
using an RF chopper operating at 499 MHz. The beam is sent to the experimental 
halls in bunches separated by 2.0039 ns intervals at beam currents ranging from
56
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FIG. 2.1: The CEBAF machine configuration. In the upper corner one can see 
a blowup of the north linac showing one of the cryomodules. A vertical cross 
section of a cryomodule is shown in the lower right corner of the diagram. In the 
upper right corner a cross section of the five recirculating arcs is shown. The two 
linear accelerators and the bending arcs are shown in the center of the picture.
The electron beam starts at the injector and terminates at the experim ental halls 
(Hall A, B, C).
100 pA  to 180 pA. The accelerator can deliver beam currents sufficient to achieve 
luminosities of several times 1038 cm~2s- 1  to Halls A and C. The beam delivered to 
Hall B is four orders of magnitude less intense because the maximum luminosity of 
a large-acceptance detector such as CLAS is limited by detector rates. The beam 
energies available to the experimental halls range from 1.1 GeV (one pass) to ~5.6 
GeV (5 passes). The maximum energy can be delivered with an energy resolution 
of less than 0.01 % and a beam spot size at the target of less than < 0.5 mm.
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FIG. 2.2: Side view o f the experim ental setup in Hall B w ith the beam-line, CLAS 
detector in the center, and associated equipment.
2.2 General Description of the CLAS Detector
The CEBAF Large Acceptance Calorimeter (CLAS) shown in Figure 2.2 is 
the main experimental setup in Hall B. The CLAS detector has nearly 4 -7r solid 
angle coverage, and allows the detection of charge particles with polar angles from 
8 ° to 140°, and neutral particles from 8 ° to 75°. The large acceptance of CLAS 
and the continuous beam provided by CEBAF are well suited for experiments that 
require the detection of two and more particles in the final state with a very small 
accidental background to signal ratio of less than 1 0 ~ 3 over a large angular range 
in the laboratory frame for luminosities up to 1034 cm~2sec-1 . Besides the actual 
detection of charged particles, CLAS is designed to measure their momentum, time 
of flight, and trajectory with good accuracy. From these measurements and the 
curvature of the track, the mass and charge of each particle can be inferred. In order
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to make these precise measurements, several sets of detectors have been assembled 
in CLAS as shown in Figure 2.3. The target is located at the center of CLAS. 
Charged particles are bent by a toroidal (azimuthal) magnetic field, with a maximum 
intensity of 2 Tesla in the forward direction. A mini-torus is used to curl up the 
Moller electrons that then exit into the beam dump. Three layers of Drift Chambers 
(DC), from 8 ° to 140°, allow us to map out the trajectory of a charged particle 
through the known magnetic field, and to determine its momentum. A Cherenkov 
counter (CC), from 8 ° to 45° provides discrimination between electrons and pions. 
A system of scintillator counters, from 8 ° to 140°, measures the time of flight (TOF) 
of charged particles. Finally the electromagnetic calorimeter (EC), located in the 
forward direction (8 ° to 45°), is used for identifying electrons and neutral particles. 
A pair of Large-Angle Calorimeters (LAC) was designed to detect charged particles 
scattered from 45° to 75°.
2.2.1 Main Torus M agnet
The magnetic field for CLAS is provided by six superconducting coils arranged 
in a toroidal geometry around the electron beam line as is shown in Figure 2.4 
(left). The field points primarily in the ^-direction with a magnitude as is shown in 
Figure 2.4 (right). This design allows a measurement of charged particles with good 
momentum resolution at high energy and small scattering angles where the magnetic 
field is strong and at low energies and larger scattering angles where the magnetic 
field is weaker (see Fig. 2.4, right). This design provides a wide geometrical coverage 
for charged particles at large scattering angles as well. The magnet is approximately 
5 m in diameter and 5 m in length. At the maximum design current of 3860 A, the 
integrated magnetic field reaches 2.5 Tesla-meter in the forward direction, dropping 
to 0.6 Tesla-meter at a scattering angle of 90°.















FIG. 2.3: 3D representation of CLAS with the detector sub-systems.
2.2.2 Drift Chambers
Determination of charged particle trajectories in CLAS is done using multi­
wire drift chambers that are designed to track particles with momenta greater than 
200 MeV/c. The drift chambers cover a range from 8 ° to 140° in polar angle for 
80% of the 27r azimuth. Each of the six sectors of CLAS has three separate radial 
chambers called regions R l, R2, R3, as shown in Figure 2.5. The first region is 
the innermost and the smallest section of the drift chambers and is located in a 
nearly field free volume around the target. The second region is located inside the 
magnetic field and is actually mounted onto the cryostats containing the coils of 
the magnet. The third region is the biggest section and is located outside of the 
volume with magnetic field. A schematic representation of a sector wire chamber





FIG. 2.4: Left: The main superconducting magnet com posed of six toroidal­
shaped coils. Right: Contours of constant absolute magnetic field for the CLAS 
toroid in the mid-plane between two coils.
with all the components is shown in Figure 2.6 (left). Each region of the drift 
chambers consists of two super-layers of wires : one axial super-layer, where all 
the wires are strung parallel to the direction of the magnetic field, and one stereo 
super-layer, in which the wires are strung at 6 ° with respect to the axial wires. 
These two sets of wires allow us to determine the azimuthal angle (f> of the particle. 
Each super-layer is made up of 6  layers of sense wires plus field wires making up 
cells of hexagonal shape, as illustrated in Figure 2.6 (right). In addition, there is a 
layer of guard wires surrounding the perimeter of each super-layer to reproduce the 
electric-field configuration of an infinite grid of hexagonal cells. All three regions of 
the drift chambers are filled with 90% argon, 10% CO2 non-flammable gas mixture. 
This provides a drift velocity of at least 4 cm//rs and an operating voltage plateau of 
several hundreds volts before breakdown. The average layer efficiency is > 98% [64]. 
Most of the inefficiency comes from tracks passing very close to the sense wire which 
give rise to signals with low pulse heights and long durations. The tracking, that is 
the reconstruction of the momentum and angles of the tracks, is done in two stages. 
First, the hits in a superlayer are combined to form a “track segment” . Then the
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Torus Coils
FIG. 2.5: Vertical cut through the drift chambers transverse to  the beam at the 
target location.
“track segments” from different superlayers are linked to form a track. At this point 
the reconstructed momentum is within 3% to 5% of the true value of the momentum 
of the particle. In the second stage, the start time information from the scintillation 
counters is used to obtain the drift time, and then, to convert it into distance from 
the center of the cell. In overall average, the tracking efficiency remains greater 
than 95%, the chamber hit occupancy is up to 4% and the momentum resolution is 
better than 0.4% [64].
2.2.3 Cherenkov Counters
Cherenkov Counters (CC) detect electrons and pions and distinguish them by 
measuring the electromagnetic shock wave emitted by a medium when a charged 
particle travels faster than the speed of light in that medium. The CLAS Cherenkov 
detector system uses perfluorobutane gas (C4 F 10), at 0 .2 % above atmospheric pres­
sure as the medium. This gas is easily purified, ten times heavier than air, and








FIG. 2.6: Left: Schematic representation of radial chamber corresponding to one 
sector. Right: Layout of super-layer in Region 3. The sense wires are located  
in the center of each cell, while the field wires are located in the vertices of the 
hexagons. The shadowed hexagons represent the cells containing the sense wires 
which produced a signal for a representative track.
has excellent light (UV) transmission properties. The CC consists of six nominally 
identical counters, one per sector. Each counter covers the polar angular range 
8 ° < 9 < 45°, with nearly full coverage in the azimuthal angle (/>. Cherenkov light is 
collected by covering as much space as possible with mirrors, and placing the pho­
totubes in the regions of 4> that are obscured by the torus magnet coils. Cherenkov 
light, emitted by the particles passing through each counter, is collected by the op­
tical elements of each of the 216 light collection modules. The array of modules in 
one sector is shown in Figure 2.7. The optical elements of each module consist of 
two focusing mirrors, a Winston light collection cone, and a cylindrical mirror at the 
base of the cone as shown in Figure 2.8). A Phillips photomultiplier tube (PMT) 
is mounted at the base of the Winston cone for detection of Cherenkov light. The 
trajectory of the light produced by a typical electron passing through the Cherenkov 
detector is illustrated in Figure 2.8. The calibration of the Cherenkov detector re-
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
64
Elliptical Mirrors
Hyperbolic Mirrors \  Photomultiplier
Winston Cones
FIG. 2.7: T he 3-dimensional structure of the Cherenkov counter in one of six 
sectors in CLAS.
quires equalizing the gains of the phototubes and setting the hardware thresholds. 
Since the CC threshold is included in our trigger, the calibration of this system is 
especially important. Due to the shape of CLAS, the Cherenkov counters can be 
triggered by electrons at the edges of the mirrors, beyond which the optical efficiency 
for the detected light drops rapidly. In order to avoid large efficiency corrections, a 
fiducial cut is applied in the analysis software.
2.2.4 Time-of-Flight D etector System
In CLAS, hadron identification relies mostly on the combination of measured 
charged-particle momenta and the flight time from the target to the respective scin­
tillator counters of the time-of-flight detector system (TOF). The vertex time is 
determined by the accelerator RF, modulo 2 ns. The identification of the RF beam 
bucket in which the interaction occurred is accomplished using the time of flight 
(TOF) of the scattered electron, tracked back to the interaction point. A good tim­
ing resolution of the TOF detectors allows clear selection of the correct beam bucket. 
Thus, the vertex time is determined with the precision with which the beam bucket
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FIG. 2 .8 : Optical arrangement of one of the 216 optical modules of the CLAS 
Cherenkov counter, showing the optical and light collection components.
time is recorded. The calibration of this system affects the extracted flight time and 
thus the extracted particle mass. The scintillator counters (paddles) are located 
between the Cherenkov counters and the electromagnetic calorimeters as shown in 
Figure 2.9 (left). The TOF system has an excellent timing resolution (a & 120 ps at 
forward angles, and a fh 250 ps at angles above 90°) and good segmentation for flex­
ible triggering and prescaling. In the final analysis particle identification is achieved 
by combining time measurements with pulse-height information for time-walk cor­
rections. The TOF system in CLAS covers an area of 206 m2 and is composed of 
5.08 cm thick and 15 or 22 cm wide scintillation counters, covering a range of 6 be­
tween 8 ° and 142°. The lengths of the counters vary from 32 cm at the most forward 
angle to 450 cm at larger angles (Figure 2.9, right). Bicron BC-408 was selected as 
the scintillator material since it yields a single attenuation length of 500 cm and it is 
possible to fabricate scintillator pieces as long as 450 cm. [65] The system has been 
designed to optimize the time resolution, which varies from about 80 ps for the short 
counters to 160 ps for the longer ones. This resolution is needed to allow separation








TOF Counters -  Cherenkov Counters
FIG. 2.9: Left: Schematic cross section of CLAS, showing 3 layers of drift cham­
bers, tim e o f flight walls, Cherenkov counters and calorimeters. The upper and 
lower cross sections correspond to two of the six sectors of CLAS. Right: View  
of TO F counters in one sector showing the grouping into four panels.
of pions and kaons up to 2 GeV. A good particle identification is ensured by a good 
resolution of the time-of-flight measured by TOF detector subsystem together with 
a good momentum and position resolution obtained from the DC.
2.2.5 Electrom agnetic Shower Calorimeter
The forward electromagnetic shower calorimeter (EC) covers polar angles from 
0 = 8 ° to 45° with (j> coverage matched to that of the drift chambers. It is designed 
to detect electrons above a given threshold, as well as neutral particles (photons 
and neutrons). An electromagnetic shower is produced in the lead by the electrons 
passing through the calorimeter. The electrons produced in the shower are then con­
verted by the scintillator strips into light, which is collected by photo-multipliers. A 
typical electron trigger in CLAS requires a signal based on the total energy deposited 
in the electromagnetic calorimeter in coincidence with a CC signal in the same sec­
Electromagnetic Calorimeter
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tor. Detection of neutrons, and their discrimination from photons, is achieved using 
time-of-flight measurements. Each sector of CLAS contains a triangular-shaped
Scintillator bars
V - plane ►
v - plane ►
W - plane
I e^ad sheets




lA .Sr4.llt ?/t' PMT's
FIG. 2.10: Expanded view of one of the six EC modules used in CLAS.
electromagnetic calorimeter that is longitudinally segmented into inner and outer 
components [6 6 ]. Each calorimeter is made of alternating layers of scintillator strips 
(39 layers of 10 mm thickness ) and lead sheets (2.2 mm thickness) resulting in a 
total thickness of 16 radiation lengths (see Figure 2.10). The ratio between lead 
and scintillator thicknesses is 0.2, thus approximately 1/3 of the energy in an elec­
tromagnetic shower is deposited in the scintillator. Each layer of scintillators is laid 
parallel to one of the three sides of the triangular container and the width of the 
strips increases through the stack. Each scintillator layer is further segmented into 
36 strips approximately 10 cm wide with single sided readout in one of three views. 
The three views are oriented approximately in the direction 0°, 120° and 240° around 
the normal to the target. This provides good granularity and a redundant position
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
6 8
measurement for multiple-hit reconstruction. Each of the three orientations (labeled 
U,V and W) contain 13 layers that provide stereo information on the location of 
the energy deposition [6 6 ]. Each orientation is further subdivided {i.e., separate
FIG. 2.11: Schematic side view o f the fiber-optics readout unit for a single inner 
and outer stack of the calorimeter module.
readouts) into 5 inner and 8  outer stacks, which provides longitudinal sampling of 
the shower for better hadron identification. The optical readout of the EC is built 
from plastic fibers attached to the PMTs in flight-path-compensating geometry as 
is shown in Figure 2.11. The total energy deposited in the calorimeter is available at 
the trigger level to reject minimum ionizing particles or to select a particular range 
of scattered electron energies. Pions are largely suppressed by including an EC total 
energy threshold in the CLAS hardware trigger. With an overall position resolution 
of <7 = 2 . 3  cm, and time resolution of r= 3  ns, the EC functions are close to its initial 
specifications.
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2.3 Cryogenic Target
The E6  target (Figure 2.12) was positioned in the center of CLAS to allow 
for the detection of protons of large scattering angles (greater than 90°). As little 
material as possible was used in the back of the target to minimize energy loss of 
backward-going protons. This unique new target design was expressly built for this
FIG. 2.12: The E6 target features a very small size target cell and a low amount 
of material in the back of the target for easy detection o f the backward-going 
particles.
experiment. The target cell, made of kapton (7.2 mg/cm2) had a diameter of 1.2 
cm upstream and 0.7 cm downstream. A conical shape was chosen in order to allow 
the bubbles formed in the target material, due to electron beam heating, to escape 
out the back of the cell more efficiently. The entrance and the exit windows were 
made out of aluminum with a thickness of 15 fini and a diameter of 4 mm. The 
target cell was 5 cm long and thermally insulated by 5 layers of combined aluminized 
mylar and cerex. The target cell was installed in a scattering chamber which was 
placed under vacuum. The scattering chamber was made of polyurethane foam (64 
mg/cm2) covered with a nylon safety sock (see Figure 2.13). The exit tube was 
made of carbon fiber and was connected to the scattering chamber with epoxy. The 
scattering chamber exit window was a 71 fim thick aluminum foil. The target cell
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Scattering C ham ber (SC)
beam  line
exit w indow SC  (A1 15 microns^
exit cone SC
LH2 (LD2
insulating foil (A1 15 m icrons)
exit target cell w indow  (A1 15 m icrons)inlet target cell w indow (A1 15 m icrons)
FIG. 2.13: Schematic view of the scattering chamber, and the liquid hidro- 
gen/deuterium  target.
was filled with either liquid hydrogen or liquid deuterium. The nominal parameters 
for hydrogen (deuterium) were 20 (22) K temperature, 1100 (1315) mbar pressure, 
and 0.0711 (0.162) g/cm 3 density.
2.4 Event Trigger and Data Acquisition
The data for this experiment were collected during a six week period, as part 
of the E6  group run, from January 30th through March 16th, 2002. We used a 
polarized electron beam with an energy of 5.765 GeV and an average current of 8  
nA. Under these conditions, the luminosity of the liquid deuterium target was 1.1 
x 1034 cm- 2  • s-1 . Two configurations of the main torus magnetic field were used: 
in-bending (negatively charged particles are bent toward the axis of CLAS) and out- 
bending (negatively charged particles are bent away from the axis of CLAS). For the 
analysis of this thesis we used only the in-bending data because we were interested in 
high Q2 with good statistics. Data were selected for the analysis using the Level-2 
trigger and the downscaled trigger bits 7+8 for later calibrations. The Level-2 trigger
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Trigger Bit Prescaled CC [mV] EC i n n e r  I ff iV ] EC tot  [mV] Level 2
1-6 1 100 72 72 yes
7 10 20 72 172 no
8 100 0 0 80 no
TABLE 2.1: T he E6 trigger setup. Trigger bits 1 through 6 corresponds to each 
sector of CLAS and required a minimum 1 photo-electron (equivalent o f 100 
mV) threshold for the CC, and a threshold in the EC (shown in column three 
and four). Trigger bits 7 and 8 were prescaled as shown in column two, and were 
added for CC and trigger efficiencies studies.
Target Torus Current [A] D ata [mC] D ata [mil. trigg.]
l d 2 2250 9.4855 4055.43
l d 2 -2250 0.7793 452.87
l h 2 2250 0.6622 209.31
l h 2 -2250 0.2436 66.14
Empty 2250 0.9387 77.83
Empty -2250 0.4703 77.51
Total LD2 - 10.2448 4508.3
Total LH2 - 0.9058 275.45
TABLE 2.2: Summary of E94-016 experiment data taking. The settings of the 
torus m agnetic field are shown in the second column for liquid hydrogen target 
(LH2 ), liquid deuterium  target (LD2 ), and em pty targets (Em pty). T he accu­
mulated charge and the number of triggers are shown in columns three and four, 
respectively.
requires a minimum of 500 MeV energy deposited in the electromagnetic calorimeters 
(EC), more than one photo-electron observed in the Cerenkov counters (CC), and 
at least two track segments (out of 5 possible super-layers) observed in the same 
sector. If any of the six sectors of CLAS sees this trigger, the corresponding trigger 
bit (1 through 6 ) is set. For efficiency studies of the CC, another auxiliary trigger 
bit (trigger bit 7) was used, with low threshold and no track segments required. 
Finally, we had one more trigger bit (trigger bit 8 ) that simply requires a signal 
above 250 MeV in the EC. This trigger was used to give us an unbiased sample of











Electron polar angle (degrees)
FIG. 2.14: The upper plot shows the Trigger Level 2 efficiency as a function of 
electron momentum. The lower plot shows the Trigger Level 2 efficiency as a 
function of electron polar scattering angle.
all particles, including pions. Trigger bits 7 and 8  were heavily prescaled, by factors 
of 1 0  and 100, respectively. A summary of all the settings for our trigger is presented 
in Table 2.1. The efficiency of our trigger was defined as the ratio of data with the 
first six trigger bits set to data with just trigger bit 8  set for the momentum and 
polar angular distributions of the detected electron. An efficiency of 98% was found 
for our trigger (see Figure 2.14). During the experimental run we have collected 
approximately 4.5 x 109 triggers and accumulated a total charge of 11.1 mC, using 
two magnetic field configurations and two target materials: liquid hydrogen (LH2) 
and liquid deuterium (LD2). Table 2 .2  presents a summary of the accumulated data 
during the E6  run period.
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D ata Processing
3.1 Detector Calibrations
The raw data for every event accepted by our trigger was recorded on magnetic 
tapes using the Hall B CODA Data Acquisition System (DAQ). Data was stored in 
runs broken up into approximately 30 files. During the experiment specific runs were 
taken for calibration purposes. Careful calibration of each detector system is crucial 
for good detector resolution and particle identification. Each detector system has 
his own calibration procedure developed by the CLAS collaboration over the past 
seven years of operation. The calibration data were processed with the CLAS event 
reconstruction software RECSIS and then stored in BOS format. After calibration 
of each subsystem of CLAS new calibration constants were extracted and saved in an 
interactive MySQL database used further by the reconstruction software to identify 
the tracks and the event information. The calibration of each detector was a time- 
consuming procedure performed by A. Klimenko for the DC system, L. Kramer for 
the EC system, A. Vlassov for CC detector system, and C. Butuceanu for the TOF 
system. These procedures are described briefly in this chapter.
73
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3.1.1 Drift Chamber Calibration
7 4
The Drift Chambers (DC) measure the momentum of a charged particle by 
tracing its trajectory through the magnetic field. When a particle travels through 
the DC, each of its 34 wire layers should produce a signal (called a “hit”). Due to 
inefficiencies or dead wires in the DC, an average of 30 hits per track are obtained. 
The raw DC data is a collection of TDC measured drift times corresponding to each 
hit in a drift cell. The drift times are converted into a distance of closest approach
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FIG. 3.1: Hit position versus drift tim e for Super-layer 5, Sector 4. The vertical 
axis is defined by the distance (cm) from the track to the sense wire, and the 
horizontal axis is defined by the drift tim e (ns). R econstructed data using a 
previous parametrization is represented here by the points. T he fit function is 
used for the final reconstruction.
(DOCA) defined as the shortest distance from a track to a sense wire using the drift 
velocity. The DC calibration parameterizes the drift distance as a function of drift
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time for each super-layer in each sector [67]:




where tmax is the drift time of the electron along the longest path from the farthest 
corner of the cell, v0 is the value of the saturated drift velocity near t = 0 , p, and k , q 
and p are parameters determined from the fit shown in the Figure 3.1. This function 
relates the time it takes from the moment the track passed through the drift chamber 
(estimated initially from the (3 obtained from hit-based-tracking system described 
below and the path length from the track’s origin to the drift cell) to the moment 
when the sense-wire fired, calculated from the TDC, to the distance the hit occured 
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FIG. 3.2: The field configuration inside Region 3 (left panel) and inside Region 2 
(right panel) of the DC, is shown w ith  solid lines. Dashed lines represents track 
positions w ith the same drift tim e, so-called isochrones. Region 2 field lines are 
distorted due to their location w ithin  a toroidal mixed electro-m agnetic field. 
The plots are from Ref. [64],
is complicated due to the strongly varying electric fields in each drift cell. Fig. 3.2 
shows the field lines (solid-lines) and isochrones (dashed-lines), points of equal drift 
time, for cells in Region 3 (left) and Region 2 (right). Due to the location of Region
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2  in the toroidal mixed electro-magnetic field, the effective field lines are distorted 
as shown in Fig. 3.2 (right). The tracking process requires that hits be adjacent to 
one another and that there be at most one layer missing from within the super-layer. 





FIG. 3.3: Drift Chamber residuals plotted as a function of the calculated fit 
DOCA, for Sector 1, Run no. 31956.
generated map of linked segments associated with simulated tracks. At least five of 
the six super-layers of the DC, must contain a segment for a track to be fit. After an 
initial guess, the so-called Hit-Based-Tracking (HBT) procedure is performed. HBT 
uses each hit to determine a particle’s track via a least squares fit that minimizes 
the sum of the squares of the closest distance between each hit wire and the track 
[64]:
y  =  E  p - 2 )
a H BT
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where dd o c a  is the distance of closest approach of the track to the closest sense 
wire in the z-th layer of the DC and o H b t  is set to the size of the drift cell. The 
results of the hit-based-tracking is then passed on to the time-based-tracking (TBT) 
routine which performs a similar fit to the tracks, but now x 2 is defined as:
= E
F d rif tD O C A  x fitD O C A l
a?
(3.3)
where £ jriftDOCA is the drift distance corresponding to the drift time for the z-th wire 
hit, (rgtD0CA is the distance of closest approach of the trial trajectory for the z-th
wire and er, is the uncertainty in x\driftD O C A . The distance calculated from the track
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FIG. 3.4: DC residual resolutions plotted as a function of run number. Different 
colors correspond to each of six super-layers of the DC.
fit to each sense-wire is called the fit DOCA. The difference between the absolute 
value of the calculated DOCA and the absolute value of the fit DOCA is defined 
as the residual for each cell and is the primary unit of measuring the resolution of 
DC detector system. A properly calibration of DC system should result in a flat
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dependence of residuals on drift time and the calculated distance. An example of 
residual versus calculated DOCA is shown in Fig. 3.3 for Sector 1, Run no. 31956. 
For this data set a good resolution in DC was achieved as shown in Fig. 3.4.
3.1.2 Time-of-Flight System  (TOF) Calibration
Particle identification relies heavily on measured charged-particle momenta 
from the drift chambers and the flight time determined using the TOF counters. 
Good timing resolution is therefore crucial for determining hadron masses, and a 
good calibration of the TOF system is required. The calibration procedure requires 
several steps described below:
•  Amplitude-to-Digital Converter (ADC) thresholds were determined using a ded­
icated DAQ configuration. The measured pulse heights were calibrated using the 
minimum ionizing particles peak (MIPs), and then used to reconstruct the en­
ergy deposited in the scintillators (see Figure 3.7). The constants for each ADC 
pedestal were saved in the calibration database.
• Time-to-Digital Converter (TDC) calibration was realized by measuring the re­
sponse of each TDC channel for different delays between the start and stop signals 
and converting them into time (ns) using a quadratic function [65]:
t = Co +  C\T +  C2T 2 (3-4)
where typical values of Co ~  1 ns, Ci ~  0.0495 ns per channel, and c2 ~  5 x 10~ 8 
ns per channel2. The constants were constrained such that the average of the 64 
channels for each FASTBUS card was zero.
• Time-walk corrections account for the dependence of leading-edge discrimina­
tor timing on signal pulse height. The correction constants were obtained with
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laser systems which delivered a light pulse to the center of each counter. The 
dependence of pulse timing on the pulse height is shown in Figure 3.5. This de-
FIG. 3.5: Pulse height as a function of time-walk (solid boxes) and the fitting 
function (solid line) for Sector 1, Paddle 1, left PM T. D ata were obtained from 
the laser calibration data.
pendence was obtained using a filter which varied the amount of light delivered to 
each counter. The measured time corresponds to when a photomultiplier (PMT) 
pulse crossing a fixed (leading-edge) voltage threshold. To correct for time-walk, 
we performed software corrections of the form:
where A  is the ADC pulse height corrected by subtracting the ADC pedestal P  
threshold, VT is the leading-edge discriminator threshold (20 mV) which corre­
sponds to fa 35 ADC counts, and fw is the time-walk-correction function. The 
peak of the energy loss of MIPs is nominally set to 600 ADC counts by adjusting 
the PMT high voltage. This form will result in tw = t for MIPs pulses. The
(3.5)
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procedure basically extracts four constants for each PMT: w0, wx, w2, w3 which 
adjust the time-walk correction function f w to the required dynamic range [69]:
t / \ , W2 -c A ~ P ^f w{x) = wi +  —  if x = — —  < w0, 
x Wz Pt
t  i  \  , W 2  n  i \ W 2 W 3 - f  ^f w(x) = W i  +  — 5£ - ( l  +  W 3 ) --------- ^ ^ X  if X  > W q .
W, w,IU3+1 ' 0
(3.6)
The four fit parameters are then updated in the CLAS calibration database to 
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FIG. 3.6: The tim e difference between the response of the left and right PM Ts lo­
cated on the ends of each TO F counter plotted versus scintillator number (1 - 48), 
for each sector of CLAS, after left-right alignment calibration. The em pty spaces 
represents the malfunctioning TO F scintillators excluded from the analysis.
•  The left-right alignment corrects for different time delays of the signals from the 
left and right PMTs located at opposite ends of each scintillator. A good cali-
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bration of these timing responses is crucial for determining the hit position along 
the scintillator and reconstructing the correct final time of flight. In Figure 3.6 
the time difference after left-right calibration between the left and right PMTs is 
plotted versus scintillator number . We can see that some of the TOF counters 
give no signal (empty spaces) which means that they malfunctioned during the 
experiment and were counted as “dead” in the calibration database. In addi­
tion we can see that a few TOF counters were miscalibrated (distributions are 
shifted left or right) because one of the PMTs (left or right) did not function 
properly during the experiment. Those TOF counters were excluded from final 
data analysis.
•  The energy is estimated by evaluating the geometric mean of pulse height from 
right and left PMTs. The calibrated A D C  pulse height is used to reconstruct the 
energy deposited in each of the scintillators. The energy loss of protons increases 
linearly at low momentum until they begin penetrating the scintillators, at which 
point the energy loss can be estimated with the Bethe-Bloch formula. As we 
can see in Figure 3.7 the pions and protons which produce different AD C  pulse 
heights are clearly distinguished for momenta between 0.3 and 1 GeV/c. A weak 
deuteron band can be seen in the plot as well.
•  Light traveling through a scintillator is attenuated. Thus, the attenuation length 
for each side (A^, XR) of the TOF counter can be determined using the pedestal 
corrected ADC values (A L, A R) in units of MeV (EL, ER) and the y position 
along the paddle relative to the center of the paddle from time of flight [65]:
A h - P  =  y = ^ v^ - T^>
k vL + vK
1 r - P  =  ' ERe~y/XR, (3.7)
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FIG. 3.7: Energy deposited in a TOF scintillator as a function o f particle mom en­
tum  for an em pty target. Protons and pions can be distinguished, as well as a 
faint deuteron band.
where k = 10 MeV correspond to the MIP peak value in units of MeV at the 
center of each paddle, MOl (MO#) is the pulse height normalization, T L (TR) is 
the walk-corrected time in ns  for left (right) tube and v^ (v#) is the speed of 
light propagation towards the left (right) end of the TOF paddle. There are cases 
when both left and right signals are present for a paddle, when just signals from 
one side are presents and when only one TDC was functioning. The calibration 
software tries to accommodate all these cases using information from left and 
right PMTs for each TOF counter whenever possible. The status of each PMT 
and counter is reported in the calibration database and taken in consideration in 
the final particle ID reconstruction.
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• The effective velocity vej f  of scintillator light for each counter was defined as:
th = t0 + y /veS,
tn = k - y / v e s ,  (3.8)
where t0 is the time at the center of the counter, (f#) is the time recorded in the 
left (right) PMT and y is the position of the hit along the length of the scintillator 
determined from tracking. We used a fit to the time difference between right and 
left tubes plotted as a function of hit position y to extract the effective velocity 
vef f  for each scintillator counter.
•  RF Offset Calibration: The Radio Frequency (RF) signal from the accelerator 
is used to adjust the time delay for individual scintillators with respect to each 
other. As previously mentioned, the beam is delivered to Hall-B in bunches with 
a frequency of 499 Hz, which corresponds to a time interval (AT) of «  2 ns 
between two separate bunches of electrons. The reaction ep —» e7rX was used to 
determine the time delay between the 288 counters by comparing the time from 
a TOF counter to the RF beam time. The difference between the vertex time 
of pions or electrons reconstructed from the TOF measurements and the time of 
the RF bunch was calculated and then was divided by 2.004 and the reminder 
was taken as the RF offset correction to the TOF time:
-loffset _  ( Tsc — Tflight — Trf +  100 • A T \ AT
=  mod ^ sc AT  )  ~  T ’ (3'9)
where AT =  —  is the RF beam time interval, Tsc is the time in nanoseconds
i 'a c c  ’ bL
measured by the TOF scintillator, Tflight =  le\//3e\ ■ c is the calculated flight time 
for the scattered electron from the vertex to the TOF scintillator, and Trf is the 
RF beam time for a particular bunch. The calibration of each individual TOF 
counter depends on the RF signal itself. Figure 3.8 shows the RF offset plotted 
as a function of RF beam time before (upper plot) and after (lower plot) a proper 
calibration.
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FIG. 3.8: The RF offset p lotted  as a function of RF beam  tim e before (upper 
plot) and after (lower plot) corrections.
• Paddle-to-Paddle Corrections: After RF offset corrections there is still 2.0004 
ambiguities since the actual beam bunch, which caused the recorded event, was 
unknown. In order to correct for these ambiguities, electron-pion coincidence 
events were used. The calibration constants for each paddle were determined, 
modulo 2.004 ns, by requiring that the two reconstructed tracks have a common 
vertex time. These constants were updated in the calibration database, and the 
procedure was repeated several times, thereby improving as much as possible the 
quality of this calibration and the TOF detector resolution. Once all aspects 
of the TOF calibration have been resolved, the RF offset distribution should 
be peaked at zero and should have a sigma in the range of 150 to 200 ps (see 
Fig 3.9). The resolution of the RF offset peak for each individual counter sets 
the resolution for that counter. Knowing the trajectory and the momentum of a 
particle (using DC information) we can compute the mass by knowing the correct 
time of flight.










0 1.5- 0.5 0.5-1 .5 -1
FIG. 3.9: The RF offset (black histogram) for Run no. 31935, after corrections, 
fitted w ith a Gaussian function (red curve). D ata were taken at a beam energy 
of 5.764 GeV.
The quality of the TOF calibration is reflected in the reconstruction of detected par­
ticles (momentum, mass, velocity). As is shown in Figure 3.10 an average resolution 
of 160 ps was obtained for this data set.
3.1.3 Electromagnetic Calorimeter Calibration
A good calibration of the Electromagnetic Calorimeter (EC) is very important 
in the detection of electrons and discrimination of neutral particles (photons and 
neutrons). To calculate the energy of neutral particles we use their time of flight. 
In this procedure we use the electron arrival time measured by both the EC and the 
Scintillator Counters (SC), and match the two measurements under the assumption
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FIG. 3.10: The mean (left) and sigma (right) of the RF offset distribution after 
TOF calibration versus run number. An overall TOF resolution of 160 ps was 
obtained.
that the time of flight is accurately measured. EC time is given by:
( E C  =  « T O E  +  L , (3.10)v ■ cos(a)
in which t^of is the arrival time of the electron measured by the TOF detector
system, d s c - E C  is the distance between SC and EC layers, v is the electron velocity 
which is close to the speed of light, and a  is the impact angle to the EC plane (see 
Figure 3.11). The calibration involves fitting the reconstructed particle arrival time 
measured by the EC:
£ e c  =  u i  +  U 2 ■ TDC H— ■ +  0,4  • / 2 +  <25 • Z3 —  — , (3.11)
vADC veS
in which o, are five fit parameters, TDC and ADC are the TDC and ADC channels,
I is the length from the hit point to the readout edge, and ueff is the effective
velocity of the light passing through the scintillator material. The first two terms
(ai +  & 2 ■ TDC) represent the linear TDC response; the third term (os/VADC) is
the correction for time-walk; the fourth and fifth terms (<24 ■ I2 + ■ I3) are small
corrections due to the difference between the arrival times at the readout edge for




FIG. 3.11: Schematic of EC/SC timing. Using the corrected TOF time we extrap­
olated the EC arrival time. Here dEC-SC is the distance between the EC layer 
( i n n e r  or outer) and the TOF counter, a is the angle of impact of the electron 
with the EC plane and I is the length from the hit point to the readout edge 
along the scintillator bar.
the scintillator bars that are connected to the same PMT; and the last term (-M  is
’ v « e f f  '
compensation for transit time through the scintillator material from the hit position 
to the readout edge. The difference between the electron arrival time reconstructed 
using Eq. 3.10 and the time extrapolated from the SC time using Eq. 3.11 is shown in 
the Figure 3.12 for Run no. 31567 for each sector of CLAS. The EC time resolution 
shown in Fig. 3.12 remained «  400 ps for the entire run period.
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FIG. 3.12: After EC calibration the distribution of time difference between EC 
time and SC had a width of «  400 ps. Here is shown the EC - SC time distribution 
for Run no. 31567.
3.2 Data Selection
The raw data is stored on magnetic tapes in a mass storage system called the 
SILO. The data are divided in runs of approximately 30 files and consecutively 
numbered in such a way that they can be identified with a specific time period dur­
ing the experimental run. The CLAS detector is a complicated system and perfect 
operation is almost impossible. During a run of several months the conditions can 
change and thus the quality of the recorded data may change. The first step of anal­
ysis was to run the entire data set through the reconstruction code RECSIS which 
turns raw detector signals into physical variables (momentum, charge, scattering 
angle) for each detected particle and puts this information into BOS format files. In 
order to study the quality of our data we performed several checks over the entire 
experiment. The first check was to monitor the electron rate dividing the number
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FIG. 3.13: The sigma of EC tim ing plotted as a function of the run number each 
of CLAS. The resolution was typically below 400 ps through the entire E94-019 
experiment.
of electrons Ne; by the accumulated beam charge, for each sector and file:
N = - ^ (3.12)
VFCG
in which Qfcg is the charge read from the live-time gated Faraday Cup. Live-time 
gating means that the signal is only integrated during the time the data acquisition 
system is live. In this way, the charge is already corrected for the data acquisition 
system (DAQ) dead-time. The fact that the electronics read the accumulated charge 
on the Faraday Cup only every 10 seconds contributes 0.4 % to the systematic error. 
Figure 3.14 shows the evolution of the electron rate as a function of run number 
separately for each sector, over the entire run period. This ratio was stable during to 
whole experiment with the exception of Run no. 31970- 32094 where the efficiency 
of Sector 6  dropped significantly due to dead wires in Region 1 of the DC. The data 
corresponding to Sector 6  for these runs were excluded from the analysis and an
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FIG. 3.14: The number of electrons that passed the ID cuts, normalized to the 
charge accumulated by the Faraday Cup “live-gated” and p lotted  as a function 
of the file number, for each of the six sectors of CLAS over the entire run period.
appropriate correction was made to the cross section normalization. Runs with N  
less than 2000 for Sectors 1 , 2, 3, 4, and 6 , were excluded from the analysis. Due to 
the lower efficiency of the DC in Sector 5, runs with N  less than 1800 in this sector 
were excluded from the analysis. The second qualitative check that we performed 
was to monitor histograms generated by the reconstruction software RECSIS for 
each data file. These histograms were designed to monitor the quality of detector 
calibrations (CC, EC, DC, TOF) and reconstructions of physical observables (in­
variant mass, momentum, energy, /?, missing mass) for different particles (electrons,
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Range of Runs Golden Runs Silver Runs Poor Runs
31575 -  31969 3761.56/xC 256.739/xC 2059.93muC
31970 -  32094 2626.96/iC 82.7461pC 366.835/uC
TABLE 3.1: Accumulated charge in deuterium in-bending runs. These runs were 
divided into golden, silver, and poor runs according to their data quality. Accu­
m ulated charges for each category are listed.
protons, neutral particles, pions). We checked the quality of these histograms for 
each data file. Data were selected in three categories: “golden” runs which had no 
negative comments in the experiment log book and at least 1 0 6 events ( 2 0  files), 
“silver” runs which had no negative records associated with it in the electronic log 
book, but had less than 2 0  files per run, and “poor” runs which had problems men­
tioned in the log book or low and high voltage trips in DC and TOF systems. Poor 
runs were not used for calibrations, but were included in the data analysis if they
passed all the quality requirements mentioned here. The accumulated charge for
different run ranges and quality are shown in Table 3.1.
3.3 Electron Identification
The hardware trigger, Level 2 was formed from a coincidence of signals in the 
electromagnetic calorimeter (EC) and the Cherenkov counters (CC), together with 
a good track candidate in the DC. The reconstruction software RECSIS has a more 
rigorous definition of an electron candidate, and rejects «  50% of the events that 
passed the hardware thresholds. In this case a “good” electron is a negatively 
charged particle that satisfies the following criteria:
•  it has a good reconstructed track in the DC.
• it gives a hit in the CC and EC in the same sector.
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•  it passes the cut on the minimum energy deposited in the EC calorimeter.
• it passes the sampling fraction E /p  cut.
•  it satisfies the Cherenkov photo-electron cut.
•  It is contained within the vertex cut.
A detailed description of the EC and CC cuts, applied in identification and selection 
of the electrons, is described in the following subsections.
3.3.1 Fiducial Cuts
Fiducial cuts are applied to eliminate inefficient regions of the CLAS detector 
systems. A good separation of electrons from pions relies heavily on a good efficiency 
of the CC. In order to reduce the pion contamination of the recorded raw data set, 
a threshold of 100 mV was set for the signal in the Cherenkov Counters. This 
signal corresponds on average to one photo-electron registered by the PMT. A set 
of cuts on polar and azimuthal scattering angles for different particle momenta and 
magnetic field settings was made to eliminate the inefficient edges of the Cherenkov 
detector [70]. The efficiency for a given bin in 9 and (f> can be written in terms of 
the expected average number of photo-electrons (p) and the minimum CC threshold 
in photo-electrons (Ncut) as,
n < N c u t  n p - f i
ecc =  1 ~  (3‘13)
ra=0
For electron momenta below 3.0 GeV/c, a software threshold was set at 2.5 photo­
electrons. At this threshold the CC efficiency is greater than 80%. Using Eq. 3.13 
we required an average expected signal of 5.4 photo-electrons. This number was 
extracted from A. Vlassov’s simulation [64] which was calibrated using real data. 
The average number of expected photo-electrons was plotted in the 9ei -<f>e\ plane for
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FIG. 3.15: The polar angle versus the azimuthal angle for scattered electrons from 
the regions where the Cherenkov counter efficiency was greater than 80%. The 
boundaries of the geom etrical fiducial cut applied for 8 momentum bins from 
0. to 5. G eV /c for Sector 1 are outlined w ith solid lines. Events inside these 
boundaries were accepted.
each of six momentum bins between 0. and 3. GeV/c (as shown in the Figure 3.15, 
left) and inefficient regions of the Cherenkov counter were identified.
The fiducial cut was designed as the geometrical boundary of the high efficiency 
region of the Cherenkov counter and was defined on a sector-by-sector basis as 
follows:
18° — A (j) < (f>Sect < 18° +  A0 and 9cut < 45°, (3-14)
where 0sect is the electron azimuthal angle in sector coordinates (from 0° to 30°)
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and
^  =  -  +  3 3 T M ^ a3) -
A 0 ( 6 > e l ,  P e l )  =  C t4  ■ S i n ( 6 > e l  -  d c n t ) ^
77 = 0.33- f p eiy——^ ° ^  ■ (3.15)
\  4 to rus /
Here a l5 a2, «3 , « 4  are parameterization constants, /j0r«s is the torus current, Pei is 
the reconstructed electron momentum, 9et is the polar angle of the detected electron 
(in radians), and 0cut is the edge of the cut in polar angle (in radians) of the detected 
electron.
P el (G eV /c ) ai a 2 a3 a4
Pel <  3.0 12.0 25.0 0.22 35.0
Pel >  3.0 11.5 22.5 0.17 42.0
TABLE 3.2: Coefficients <p, 0,2, «3 , 04 from Eq.Eq. 3.15 for low momentum (Pe[ <
3.0 G eV /c) and high m om entum  (Pei > 3.0 G eV /c).
For the high momentum particles (Pe; > 3.0 GeV/c) a software cut of 1 photo­
electron was used. Using Eq. 3.13, at this threshold we required an average signal of 
3.3 photo-electrons, to obtain an efficiency greater than 80%. The same procedure 
as mentioned above was used to obtain the geometrical fiducial cut parameters as 
shown in Figure 3.15 (right). The parameters for both cases are summarized in 
Table 3.2. Additional cuts were applied to the electron polar scattering angle to 
account for unstable regions of CLAS observed in the actual data sample. These 
additional “holes” are due to TOF paddles or DC regions that malfunctioned during 
the data taking. They are summarized in Table 3.3.
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Sector 3 11 o n  o  ^  11 | o o  o0 .15+ P eVI m a x / I  1 "  Uel "  0.15 +  Pel- I m a x / I  '
Sector 5 0 .9 + P e i - J ™ * / /  1 1 6 ' 7  "  &el "  0 - 9 + P e l ' I m a x / I  +  2 0 - 9  
l - 5 + P e l ' I m a x / I  ' “ 3 ‘5  ^  &el "  1-5+ P eVI m a x / I  +  2 6 - 2  
0.9 + P eVI m a x / I  1 “9 " ®el " 0.9 +  P eVI m a x / I  +  30-5
Sector 6 0 . \ + P ey I maX/ I  ' 1 8 ‘5  "  &el "  0 . 1 +P ey I m a x / 1  +  2 3  
12 | o / i o  ^  a  , ^  10 0 S 7
0 .1 5 + P el- /m M / /  " Vel  "  0 . 1 5 +P ey l m a x / I  1 ‘ 
10 | o n  o  /  n  , x  10 i q i  7
0 .1 9 + P e i - W * / /  1 " Uel  " 0 .1 9 + P el- /m o* / /  1 
0.35+ P eVI m a x / I  1 11 " ®el " 0 .35+ P eVI m a x / I  +  4 3  
1 .5+ P ey l m a x / r  15 <  ^
TABLE 3.3: Excluded angular regions for Sectors 3, 5 and 6. Here 9ei is the 
electron polar scattering angle in degrees; Jmax =  3375A is the maximum value 
of the torus current; I  =  2250A is the actual torus current for this experiment, 
and Pel is the electron momentum.
3.3.2 Electromagnetic Calorimeter Cuts
Pions can produce more than 2.5 photo-electrons in the most efficient region of 
the Cherenkov detector, by Cherenkov radiation for P  > 2.5 GeV/c or by electron 
knock-out for P  < 2.5 GeV/c. Cuts applied on the sampling fraction (defined as the 
ratio between E  and P)  in the Electromagnetic Calorimeter can reduce drastically 
the negatively charged pion contamination (n~) of our main trigger (electron).
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FIG. 3.16: Sampling fraction of the tota l energy deposited in the EC plotted as a 
function of sampling fraction of the energy deposited in the inner layer of the EC 
for momentum range from 1 G eV /c to 5 G eV /c. The EC cut on the sampling 
fraction is represented by dotted lines.
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We plotted the total energy deposited by the first particle reconstructed in 
each event (Etot) as a function of the energy deposited in the inner layer of EC 
(dinner), both normalized to the momentum of the detected particle measured by 
the DC. As a result, we obtained a good separation of the detected electrons from 
the pion background due to the fact that pions (electrons) have a small (large) 
sampling fraction. Several momentum bins have been selected to reflect both low 
(see Figure 3.16, upper panel) and high (see Figure 3.16, lower panel) electron 
momenta. We can see in Fig. 3.16 the pion tail located at lower sampling fraction 
values (E-mner/ P  < 0.1) while the electron sample peak can be seen at larger sampling 
fraction values (E-mner/ P  > 0.1). For our data we applied the cuts Etot/ P  > 0.22 
and E-mner/ P  > 0.08 for good electrons.
3.3.3 Pion Contamination
Cherenkov counters can distinguish between electrons and pions because of 
the higher momentum threshold for pions (2.7 GeV/c) compared with electrons (9 
MeV/c). Inefficient regions in the Cherenkov counters were removed by the fiducial 
cuts described earlier. Therefore, particles that produce a small signal in the CC
were assumed to be pions misidentified as electrons. Two cuts on the number of
photoelectrons detected in the CC were applied depending on the scattered electron’s 
momentum:
• For Pei < 3 GeV/c, events with Nphei > 2.5 were accepted.
• For Pei > 3 GeV/c, events with Nphei > 1 were accepted.
By using these cuts as part of the particle identification we rejected some of the 
electrons that did not have a high enough signal to pass the EC and CC ID cuts. A 
fraction of pions, on the other hand, did pass the ID cuts and they contaminate the
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data sample. Both cases need to be considered for the final counting. By simulating 
a pure sample of electrons and obtaining the CC response in the region where the 
CC cut was applied we can estimate the loss of good electrons due to those cuts 
(see Figure 3.17 left and right). An efficiency of «  90% was obtained for the CC
]1,5GeV/c<P 6|<2GeV/c 24 °<6.|<32°|GeV/c<P,,[<1,5GeV/c 24 °< 0 .^326
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FIG. 3.17: The Cherenkov response to a simulated electron data sample (solid line) 
together with the measured Cherenkov response to real data (solid triangles) for 
two electron momentum ranges 1 < pei < 1.5 GeV/c (left panel) and 1.5 < pei < 2 
GeV/c (right panel).
photoelectron cuts above. Using a selected sample of pions we obtained the pion 
contamination rate of our sample. The Cherenkov photoelectron spectrum for mea­
sured electrons was fitted using the sum of the simulated CC response distribution 
for pure pion sample (scaled by a factor A) and the simulated CC response dis­
tribution for ideal electrons with no pion contamination (scaled by a factor B) as 
shown in the Figure 3.18. The pion spectrum, normalized to the measured CC spec­
trum, was integrated above the CC cuts (2.5 and 1 photo-electrons corresponding 
to different momenta ranges) and used to estimate the pion contamination rate of 
the measured data sample after applying all ID cuts. The total fraction of pions to 
electrons was estimated for the electron momentum range 1 — 2.6 GeV/c, and was 
fitted with the function ^  =  aebPe 1 (see Figure 3.19). The same functional form
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FIG. 3.18: The Cherenkov counters response to measured electrons (solid line) 
compared to a simulation for pions (dashed line) and electrons (dash-dotted line).
was used for determining the pion contamination for Pei > 3.0 GeV/c. In parallel 
a study of EC cuts efficiency was performed [70]. An efficiency of «  95% for the 
sampling fraction cuts was found.
3.3.4 Contamination from e+e~ Pair Production
Pair-symmetric leptons (e+e_) in CLAS come largely from 7T° —> j e +e~ pro­
cesses (Dalitz decay), from bremsstrahlung photons generated in the target or by 
7 7  decays with one of the photons converting to e+e“ . Following the procedure de­
scribed in Ref. [71] we evaluated the level of contamination due to electron-positron 
pair production in our electron data sample by analyzing runs taken with identical 
beam energies but opposite torus polarity. In this way the detector acceptance can­
celed out in the ratio of rates of positrons with negative torus polarity and electrons 
with positive torus polarity, and similarly for positrons with positive torus polarity 
to rates of electrons with negative torus polarity. The rates were determined using






FIG. 3.19: Fit to measure 7r/e  ratios after the CC cut. The curves correspond to  
different electron polar angles. The plot is from Ref. [70].
the ratio of events passing our electron ID and fiducial cuts, divided by the live-time 
corrected Faraday Cup readings. Three types of particle identification were used: 
A) electrons using the ID cuts described earlier in the section, B) pions using the CC 
photo-electron cut (0.3 < Nphei < 1.5), and C) electrons using a hard cut Nphei > 6 . 
The out-bending data were used to produce the same plots for positrons as in the 
electron case. For these data the “positron trigger” required the first particle in 
each event to have a positive charge and hits in both the CC and EC detector sys­
tems. Histograms obtained using ID setting A were fitted with the sum of B and C 
histograms (see Figures 3.20, left and right). The integral of histograms obtained 
using ID setting B for the positrons were then used as a number of electrons coming 
from e+e~ pair production. The same sets of histograms for the electron were used 
as denominator in the e+e_ ratio. This study is explained in more detail in Ref. [70]. 
The ratios obtained were fitted as a function of the electron scattering angle and 
momentum, resulting in a parameterization over all momentum and angular ranges.
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FIG. 3.20: Electron (left) and positron (right) histograms of ECtoto; /P e/. Black 
circles, dot-dashedlines, dashed lines and black solid lines correspond to ID cuts 
A, B, C and B + C , respectively. P lots are from Ref. [70].
The ratio was fit to p- =  ae~bPel (see Figure 3.21). Parameters a and b were then 
fit with 3rd and 5th order polynomials in scattering angle. The extracted correction 
function was applied event by event to the data.
3.3.5 Electron Vertex Correction
Due to a possible beam offset there is an azimuthal angular dependence of 
the reconstructed electron vertex Zet. This dependence is a result of the tracking 
reconstruction code which calculates the vertex of the particle by extrapolating the 
track to the nominal beam axis. In order to apply the same sets of vertex cuts 
for all six sectors, we performed a geometrical correction to align the reconstructed 
vertices:
T
Z cott =  -^rec +  C O s (0  (/-’b eam ) (3.16)
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FIG. 3.21: The fit of the momentum dependence of the positron to electron ratio, 
for one of several bins in electron scattering angle. This result is from Ref. [70].
where ZCOTT is the real vertex position along the target axis from where the detected 
electron have originated, Zrec is the initial reconstructed electron vertex, 9 and (j> 
are the polar and the azimuthal electron scattering angles, and r is the distance 
from the axis, along the target, to the actual beam line. The beam offset, defined 
by </>beam and r, is obtained from the fit to the distribution of the average vertex 
position over all sectors. The electron vertex distribution before and after vertex 
corrections is shown in Figure 3.22.
3.3.6 Electron Vertex Cut
An electron vertex cut is required in order to remove events that came from 
the target walls, the scattering chamber or the entrance and exit foils. An electron 
vertex cut from —2.0 to 1.5 cm relative to the center of CLAS was applied as shown 
in Figure 3.23. An additional cut of minimum scattered electron momenta of 1 
GeV/c was applied in order to reject the sample of data with high levels of pion and
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FIG. 3.22: The electron Z vertex distribution before (left) and after (right) cor­
rections. The upper panel shows histograms of Z. whereas the lower panels show  
the azimuthal angular distributions of the Z.
e+e contamination.
3.4 Proton Identification
3.4.1 Time-of-Flight Back-Paddle Correction
In this analysis we are focusing on protons at large scattering angles (> 50°), 
and the accuracy of detecting them relies heavily on the accuracy of the TOF detec­
tor system. Due to the geometry of CL AS, at larger scattering angles the resolution 
of the TOF system degrades as the lengths of the scintillators increases. Moreover 
the large-angle paddles (no. 40 to 48) are composed of two scintillators coupled 
(glued) together and the time response of each half is different (Figure 3.24). This
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FIG. 3.23: The electron vertex cut. A vertex cut — 2 < vz < 1.5 cm is required to 
eliminate the target wall contribution.
feature, and the fact that the number of backward going particles used to calibrate 
the coupled paddles is extremely low, makes an accurate calibration difficult. For 
this analysis a special effort was made to calibrate the coupled paddles in the TOF 
detector system, corresponding to backward-going protons. This task require: iden­
tification and exclusion of the inefficient paddles, and correction of the overall time 
offset for efficient paddles on a sector-by-sector basis. In order to determine the 
time offset (Atpr) between the expected and recorded time of flight (computed from 
the DC path length, momentum and energy), for each scintillator within coupled 
paddle, we defined:
in which tsc is the time recorded by the scintillator counters, £start is the event start 
time, rsc represents the path-length of the particle from the target to the scintillator 
plane, and Ppi and EpT are respectively the momentum and the energy of the detected
sta rt
f p r / B p r
(3.17)




FIG. 3.24: Time offsets for Paddle no. 40 in Sector 2 and Paddle no. 41 in Sector 1 
before (left) and after (right) corrections. Here the proton tim e vertex is plotted  
versus the scintillator mid plane coordinate.
charged particle (in this case we used large-angle protons). The actual time of 
flight recorded is corrected by this offset, ultimately improving the time resolution 
and identification of backward protons. An example of this procedure is shown in 
Figure 3.25, where the difference between recorded time of flight and expected time 
of flight is shown as a function of counter mid plane Z  coordinate for TOF paddles 
of Sector 1. We placed protons in the secondary position in each event following 
the electron. Protons detected in the scintillator counters had to fall within a 12 ns 
window: from —5.0 to 7.0 ns from the expected arrival time as shown in Figure 3.26.




.300 -200 -10(1 0 100 200 300
Zpaddle <C m >
FIG. 3.25: The differences between expected and recorded tim es of flight for pro­
tons versus the scintillator counter mid plane coordinate Z.  before (upper) and 
after (lower) correction. The tim e window required for proton ID is shown with  
dashed-lines in the lower plot.
3.4.2 Proton Vertex Correction
As in the electron case there is an azimuthal angular dependence of the recon­
structed proton vertex Zpr due to the beam offset. This dependence results from 
RECSIS calculating the proton vertex by extrapolating the track to the central axis 
of CLAS rather than the actual beam axis. Using the same correction function as 
in the electron case, we found the position of the beam, defined by (f>beam and r, 
using the fit to the distribution of average vertex positions for all 6  sectors in CLAS. 
An offset of r = ±1.8 mm and cj)beam =  —58° (toward Sector 6 ) was observed. The 
proton Z  vertex distribution and the azimuthal angle <fi, plotted as a function of Z  
for the proton vertex before and after corrections, are shown in Figure 3.27.














-40 -20 0 20 
proton vertex time (ns)
-40 -20 0 20 
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FIG. 3.26: The tim e cut window from —5.0 to 7.0 ns (full area) for each sector in 
CLAS. All the positively charged particles (protons) detected in this tim e window  
were selected for this analysis.
3.4.3 Proton Vertex Cut
Detected protons can come from different sources. They could be produced by 
the target entrance and exit windows, which are made of thin aluminum foil, by 
the target support structure, or by the target cell walls. In order to select just the 
protons coming from within the target cell, a proper vertex cut needs to be applied. 
For slow-moving protons (large scattering angles) the detector resolution is lower 
than for the fast electrons case, thus a wider vertex cut is required. We applied 
the proton vertex cut on the Zpr axis of the target, along the beam direction, such
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FIG. 3.27: Proton vertex corrections. Upper plots show the uncorrected (left) 
and corrected (right) Z  position of the proton vertex. Lower plots shows the 
uncorrected (left) and corrected (right) azimuthal angular dependence of the 
proton vertex.
that —2.0 < Zpr < 1.5 cm as shown in Figure 3.28 (left). The physical re-scattering 
target is reconstructed from the electron vertex plotted versus the proton vertex 
and is shown in Fig. 3.28 (right). Another cut was applied such that the difference 
between proton and electron vertices was between —2 . 0  and 2 . 0  cm.
3.4.4 Energy Loss Correction
Protons lose energy as they pass through the target material. To correct for 
energy loss we used GSIM, a simulation of the CLAS detector based on the GEANT 
Monte Carlo package. We generated a flat distribution of protons over the entire




—  empty target
—  full target
■i
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FIG. 3.28: Proton vertex (left) for full (empty histogram) and em pty target (filled 
histogram), and electron vertex versus proton vertex (right). A proton vertex 
cut —2 <  Z p T < 1 . 5  cm was applied to elim inate the target walls contribution.
azimuthal range (0° - 360°), with a momentum range up to 5 GeV/c and a polar 
angular range between 10° and 140°. We used GSIM to simulate the CLAS detector 
and the target, and produced a set of files analogous to our raw data. The GSIM 
post processor (GPP) was used to remove dead wires in the DC and dead PMTs 
in the TOF, as in the analysis of the experimental data. GPP also smeared the 
Monte Carlo data to account for the spatial resolution of the DC and the timing 
resolution of the TOF detectors. The smearing was adjusted such that simulated 
distributions agreed with the experimental data. This procedure is explained in 
more detail in the Section 5.3.1. In the reconstruction of the simulated events 
the same analysis package RECSIS was used as for the real data. We constructed 
momentum distributions of generated and reconstructed protons for 15 bins in the 
polar scattering angle. Figure 3.29 shows the difference between the generated and 
reconstructed proton momenta, p 0 — p , normalized to the reconstructed momentum, 
versus reconstructed momentum (upper plot), and the proton momentum corrected 
for energy loss as a function of the uncorrected proton momentum (lower plot). We
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FIG. 3.29: Energy loss correction for recoil protons. Upper plot shows the differ­
ence between the generated and reconstructed proton mom enta (po —p )/p ,  nor­
malized to the reconstructed momentum, versus reconstructed momentum (p). 
Corrected momentum versus reconstructed mom entum is shown in the lower plot 
for the polar angle 1 1 0 ° < 0 <  1 2 0 °.
fitted the above distributions with a hyperbolic type function of the form:
P c o r r  =  -free  (1  + Pi + ^ )  , (3-18)
\  f r e e  P3 /
where PCorr is the proton momentum corrected for energy loss, Prec is the initial 
reconstructed proton momentum, and pi, P2 , and p$ are fit parameters given in 
Table 3.4. This correction was applied event-by-event in the final analysis.
3.4.5 M om entum and Angular Corrections
Due to inaccuracies in the magnetic field map and in the drift chamber align­
ment, the reconstructed momenta of detected charged particles deviate from their 
“true” values. For semi-inclusive data (e.g. d(e,e'p)), the mean value of the missing 
mass peak deviates from the expected mass of the neutron M neutro n  =  0.939565 GeV
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6P ( d e g . ) P i P 2 P 3
10. -  20. -0 .00489 0.00448 0.16164
20. -  30. -0 .00670 0.00537 0.14818
30. -  40. -0 .00704 0.00545 0.14537
40. -  45. -0 .00499 0.00448 0.14759
45. -  50. -0 .00583 0.00490 0.14362
50. -  55. -0 .00638 0.00530 0.14111
55. -  60. -0 .00599 0.00481 0.14451
60. -  70. -0 .00501 0.00438 0.14775
70. -  80. -0 .00702 0.00548 0.13975
80. -  90. -0 .0 0 9 2 7 0.00682 0.12483
90. -  100. -0 .00701 0.00550 0.14232
100. -  110. -0 .0 0 9 5 0 0.00674 0.12601
110. -  120. -0 .00693 0.00559 0.12857
120. -  130. -0 .00353 0.00428 0.14702
130. -  140. 0.00150 0.00124 0.24677
TABLE 3.4: The fitted coefficients p\ ,  p 2, and P3 of Eq. 3.18 for 15 bins of the 
proton polar scattering angle.
with a significantly broadened width (see Figure 3.30, upper panel). The correction 
procedure was developed by A. Klimenko and S. Kuhn and reported in Ref [72], 
This procedure was developed using completely exclusive reactions, where the kine­
matics were over-determined. Deviations of measured values from expected ones, 
dd in the polar scattering angle, and dp in the momentum for a detected particle, 
and d(f) in the azimuthal angle were fit using 14 free parameters for each sector by 
minimizing the sum of the squared differences of initial and final four-momenta in 
the following reactions:
e + p -+ e' +
e + p —>■ e' +
e + d -A e' + (3.19)
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FIG. 3.30: Uncorrected (left) and corrected (right) missing mass distributions for 
the exclusive d(e,e’p)n channel. An overall momentum resolution of 40 M eV /c  
was obtained for this data set.
During the fitting procedure hadron momenta were corrected for the energy losses 
inside the target. The functional form used for the polar angle is:
cos 0
d9 =  (ci +  C2 >^rec)-----7  b (C3 +  c^ (f>rec) sin 9vec
COS <Jt>rec
dcorr — 9rvc +  d8  (3.20)
where Ci,C2 ,c3, and C4  are fit parameters, 9rec and 4>rec are the polar and the az­
imuthal scattering angles of the detected particle as reconstructed by the tracking 
software (RECSIS), and 9corr is the corrected polar scattering angle. The functional
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form used for the momentum is:
(c5 sin 0 iec + c6</>rec)cos O'jZZL +  ( C7 +  c8 0 rec) sin 0 o
COS (j)rec
dp =
+  Cg +  Cio</>rec +  C l l^ r e c  +  ( C12 +  C1 3 0 re c  +  Ci4<^reC) S m
P rec
qB t o r u s
P c o r r  —  P r e c  T  d p  ( 3 . 2 1 )
where prec is the reconstructed momentum of the particle and q is its charge in units 
of the elementary charge e. The parameterization of the integral f  B  ■ dl along the 
path of the track is given by:
D _  n ^JtorusSin24# Q </>
- ^ t o r u s  —  Q Q  7 r f l /  J \ >  Q3375(9(rad) 8
=  °-7633#f^ d )’ f”  ( 3 ' 2 2 )
Corrections for drift chamber displacements are parameterized by the coefficients c\ 
to cs, and the corrections for errors in the magnetic field map are parameterized by 
the coefficients c9 to C14. The parameters are determined by minimizing the x '2 of 
the fit using the CERNL1B routine MINUIT. After applying these corrections, the 
width a of the invariant mass distribution was improved by 10 MeV/c , resulting 
in an overall momentum resolution of «  40 MeV/c. The momentum dependence of 
the electron polar 9ei and azimuthal (f)ei scattering angles was minimized significantly 
as well, as shown in Figure 3.31.
3.4.6 Accidentals Protons
After cuts were applied to the electron and proton vertices, and to the differ­
ence between them, there was still the possibility of accidental coincidences. These 
accidental coincidences are coming from an electron detected in coincidence with 
a proton produced by the photo-disintegration process of deuterium or by proton
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
1 1 4
u n  c o r r e c te d  c o r r e c te d
1 0 0
0.8 0.35 0.9 0.95 1 1.05 1.1 0.8 0.85 0.9 0.95 1 1.05 1.1
M is s in g  m a s s  (n e u tr o n )
FIG. 3.31: Uncorrected (right) and corrected (left) m issing mass distributions 
versus azimuthal electron scattering angle for the exclusive d(e.e/p)n channel, in 
CLAS.
re-interaction with another deuterium nucleus. At the same time these cuts could be 
rejecting “good” protons, and the fraction of rejected protons needs to be estimated 
as well. An accidental proton was defined as a positively charged particle having a 
time-of-flight measured to be at least 1 2  ns longer than that expected for a proton 
with the same momentum (see Eq. 3.17). The time windows for true and accidental 
protons were taken to have the same width of 12 ns. The window for accidental pro­
tons was chosen at least 5 ns below the peak of good coincidence deuterons to avoid 
an overlap as shown in Figure 3.32. An average background of 7% was estimated by 
comparison between the rate of accidental electron-proton coincidences in the time 
window described above with the unbiased data sample of coincidences using the 
particle identification procedures and cuts described earlier. However, the further 
the proton time deviates from the start time («  2 0  ns), the worse is the tracking
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FIG. 3.32: Relative electron-proton tim ing at the target vertex. T he accidental 
coincidence window (magenta) was taken to be 12  ns, above the expected arrival 
time of good coincidence protons (red), and 5 ns below the expected arrival tim e  
of coincident deuterons (yellow).
efficiency. As a result, accidentals are underestimated. The data sample contains 
two-step process accidentals, where a scattered electron reinteracts further along 
the target cell and knocks out a proton which arrives with “good” TOF. Protons 
produced in such a way enhance the positive side of the vertex difference Zpr — Z ei. 
To account for two-step accidental coincidences we selected a data sample of good 
protons in coincidence with electrons detected outside of our vertex difference cut 
|AZ| > 2. cm which was subtracted from “good” coincidences. The correction fac­
tor and the systematic uncertainties associated with these selections are presented 
in Section 4.4.
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Physics Analysis
4.1 Event Selection and Kinematic cuts
The first task of this analysis was to reduce the data sample, by selecting 
events with an electron and a proton. The next step was to select quasi-elastic 
events with a cut on ep missing mass (MM) centered on the neutron mass. This 
missing mass spectrum is shown in Figure 4.1 plotted versus the momentum (< 1 
GeV/c) of the proton. We were able to detect protons with a momentum as low 
as 250 MeV/c. The band centered at the neutron mass (mn «  0.939 GeV) clearly 
separates the quasi-elastic events from the inelastic events at missing mass greater 
than 1.1 GeV. The relatively large momentum resolution (a & 40 MeV/c) of the 
CLAS detector for electrons is responsible for the broad quasi-elastic missing mass 
peak. In ideal conditions the missing mass distribution should present a narrow 
peak because the Fermi motion in quasi-elastic scattering is taken into account. 
We applied a cut to this missing mass spectrum around the known neutron mass. 
Thus, this cut eliminated some good events while failing to exclude some inelastic 
background. We performed a simple study to estimate the ratio of the signal (quasi-
116
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FIG. 4.1: Missing mass distribution for electron plus proton coincidence events as a 
function of the scattered proton momentum. The band centered at the neutron mass 
clearly identifies the quasi-elastic events. The inelastic events have missing mass greater 
than 1.1 GeV.
elastic peak) to the background (inelastic contribution) by varying the MM cuts and 
looking at the Bjorken scaling variable x  distribution. To select a clean inelastic 
sample we accepted events far from the quasi-elastic peak with 1.2 < M M  < 1.3 
GeV. A clean quasi-elastic sample was obtained by selecting events with M M  < 
0.9 GeV (see Fig. 4.1), where the inelastic contribution is insignificant. The x  
spectrum obtained by applying different missing mass cuts is presented in Figure 4.2 
(left). We can see that the x  distribution, symmetric about x  =  1 for elastic 
scattering, is enhanced on the low site by the inelastic background. With more 
restrictive MM cuts the x  distribution becomes more symmetric as the inelastic 
events are eliminated. Figure 4.2 (right) shows that the integral of the quasi-elastic 
x  distribution increases until M M  =  1.05 GeV and then reaches a plateau as all 
quasi-elastic events are accounted for. At the same time the inelastic background 
increases more dramatically with increasing missing mass. The cut M M  =  1.05 
GeV maximizes the quasi-elastic signal while minimizing the inelastic background.
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FIG. 4.2: Left: x distribution evolution for several cuts on the missing mass (MM) quasi­
elastic peak. The integral of the black curve represents the contribution from the inelastic 
background while the integral of the blue curve is the contribution from clean quasi-elastic 
events. To maximize the ratio of the signal (quasi-elastic peak of MM distribution) to 
the inelastic background we have chosen the missing mass cut as: M M  <  1.05 GeV/c. 
Right: The quasi-elastic signal and respectively the inelastic background evolution with 
the missing mass cut.
The curves in Fig. 4.2 (right) provide the correction factors for background and 
quasi-elastic events.
A more rigorous way to determine the best missing mass cut, and the uncer­
tainties associated with this cut, consists of a fit of the AIM spectra for 50 MeV/c 
wide bins in the scattered proton momentum ps between 0.25 GeV/c and 1 GeV/c 
at Q2 =  2.5, 3.5, 4.5, and 5.5 GeV2 as shown in Figure 4.3. Each MM spectrum for 
50 MeV/c bins in ps and 1 GeV2 bins in Q2 was fit with two Gaussians, one for 
the signal (quasi-elastic peak) and one for the background (inelastic contribution). 
Figs. 4.5 -  4.7 show these fits. The dotted curves show each Gaussian individually, 
and the solid curve shows the sum. The integral of the first Gaussian function was 
used to determine the total number of quasi-elastic events. This number could then 
be compared with the number extracted from the analysis with different cuts on the 
MM peak. Five different cuts presented in Table 4.1 were used.
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FIG. 4.3: Missing mass distribution as a function of mom entum of the scattered  
proton p s for Q 2 =  2.5, 3 .5 ,4.5, and 5.5 GeV2.
m issing m ass (MM)
FIG. 4.4: M issing-mass distribution as a function of proton scattering angle w ith  
respect to the direction of mom entum transfer 0pq for Q 2 =  2.5, 3 .5 ,4 .5 , and 5.5 
GeV2.
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FIG. 4.5: M issing-mass spectra corresponding to 15 bins in p s , and to Q 2 =  2.5 
GeV2 fitted w ith two Gaussians (solid curve). The dotted curves show the indi­
vidual Gaussians used to fit the quasi-elastic signal and the inelastic background. 
The integral o f the first Gaussian was used to estim ate the quasi-elastic cross 
section.
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FIG. 4.6: Same as in Fig. 4.5 except for Q2 =  3.5 GeV2.
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FIG. 4.7: Same as in Fig. 4.5 except for Q2 = 4.5 GeV2.
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MM cut 1 2 3 4 5
[GeV/c] ,8<M M <1. .85<M M <1.05 .85<M M <1. .8<M M <1.05 M M <1.
TABLE 4.1: Estim ation of the system atic error associated w ith  the missing mass 
cut. Five different cuts around the quasi-elastic missing-mass peak were used to 
estim ate the system atic errors associated w ith the m issing mass cut in the main 
analysis.
The systematic uncertainty associated with the missing mass cut was defined 
as the standard deviation a = — r * )2 °f the ratio of the yield obtained
from the fitting procedure to the yield obtained by applying the MM cut for each 
kinematic bin. Here p. was the mean of five trial values of the ratio (corresponding 
to five different MM cuts) mentioned above and r, was their deviation obout the 
mean p. We extracted the uncertainties for 60 kinematic bins; 15 momentum bins 
and 4 momentum transfer bins Q2 =  2.5,3.5, 4.5 and 5.5 GeV2.
Ps
[MeV/c]
Q 2 =  2.5 GeV2 
SysErr [%]
Q 2 =  3.5 GeV2 
SysErr [%}
Q 2 =  4.5 G eV 2 
SysErr [%]
Q 2 =  5.5 GeV2 
SysErr [%]
275 3.25 3.49 3.39 3.38
325 2 .8 8 3.87 3.43 3.39
375 2.94 4.17 3.11 3.41
425 3.52 2.35 3.63 3.17
475 2.36 2.43 3.57 2.79
525 2.52 4.24 4.11 3.63
575 3.00 4.68 3.79 3.82
625 2.93 2.53 3.28 2.91
675 2.72 3.90 1 .8 6 2.83
725 2.55 3.40 1.59 2.51
775 2.65 1.89 1.76 2 .1 0
825 3.48 4.78 1.76 3.34
875 2.09 2.44 4.31 2.95
925 2.55 3.35 2.54 2.81
975 2.26 1.56 1 .2 2 1 .6 8
TABLE 4.2: System atic errors associated w ith the m issing mass cut, for Q 2 =  
2.5 ,3 .5 ,4 .5 , and 5.5 GeV2 and for 15 proton momentum ps bins.
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
1 2 4
For Q2  =  5.5 ±  0.5 GeV2, statistics did not allowed us to perform a reasonable 
fit to the missing mass spectra. Therefore the systematic errors for Q2 = 5.5 GeV2 
were calculated from the average of the other three bins in Q2. Figs. 4.8 and 4.9 
show the effect of applying different MM cuts around the quasi-elastic peak. The 
optimal choice for this cut obtained from this study and used in the main analysis 
was 0.8 <  M M  < 1.0 GeV. We could see that the simple method described in the 
begin of the sections agrees quite well with the later result. This cut minimizes 
the inelastic background while maximizing the elastic signal. The systematic errors 
associated with this cut for each kinematic bin (bin in proton momentum ps and in 
momentum transfer Q2) are summarized in Table 4.2.
The same procedure was performed by fitting MM spectra in kinematic bins 
defined by the proton scattering angle with respect to the direction of momentum 
transfer and Q2 (see Fig. 4.4). The missing mass spectra corresponding to these bins, 
and the corresponding double-Gaussian fits, are shown in Fig. 4.10 for Q2 =  2.5±0.5 
GeV2, in Fig. 4.11 for Q2 =  3.5 ±  0.5 GeV2, and in Fig. 4.12 for Q2 =  4.5 ±  0.5 
GeV2. The extracted yields using the fitting procedure and the missing mass cut 
procedure in the kinematic bins defined above are shown in the Figs. 4.13 and 4.14 
(upper plots). The ratio of the yield obtained from the fitting method to the yield 
obtained from the cut method are shown in the Fig. 4.13 and 4.14 (lower plots).
The uncertainties associated with the missing-mass cut for each kinematic bin 
were defined as the standard deviation of the ratios mentioned above for each 0 pq 
bin and they are summarized in Table. 4.3. The systematic errors for Q2 =  5.5 ±0.5 
GeV2 were obtained by averaging the errors obtained for the other three Q2 bins. 
The systematic uncertainties were added in quadrature to determine the final errors 
for each kinematic bin.
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FIG. 4.8: Cross sections (upper plot) as a function of proton momentum extracted  
by applying five different MM cuts (different color markers) and by the fitting  
procedure (black bullets) for Q2 =  2.5 G eV2. The ratio o f the cross section  
obtained from the fitting to that obtained by using different cuts (lower plot) 
shows how too strict cuts give a ratio above unity whereas too generous cuts give 
a ratio below 1 .
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FIG. 4.9: Same as in Fig. 4.8 except for Q 2 =  3.5 GeV2 (left) and Q 2 =  4.5 GeV2 
(right).
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FIG. 4.10: Missing-mass spectra corresponding to 24 bins in 9pq, and to Q2 = 2.5 
GeV2 fitted with two Gaussians (solid curve). The integral of the first Gausian 
was used to estimate the yield of quasi-elastic events. Dashed curves correspond 
to the individual Gaussians.
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F IG . 4.11: Same as in Fig. 4.10 except for Q 2 =  3.5 GeV2.
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FIG. 4.12: Same as in Fig. 4.10 except for Q2  = 4.5 GeV2.
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FIG. 4.13: Cross sections versus proton scattering angle 9pq (upper plot) extracted 
by applying five different MM cuts (different color markers) and by using the 
fitting procedure (black bullets) for Q2 = 2.5 GeV2. The ratio of the cross 
section obtained by fitting to that obtained by using different cuts (lower plot), 
show similar effects as in Fig. 4.8.
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FIG. 4.14: Same as in Fig. 4.13 except for Q2 = 3.5 d= 0.5 GeV2 (left) and Q2 = 
4.5 ±  0.5 GeV2 (right).




Q2 = 2.5 GeV2 
SysErr [%]
Q2 = 3.5 GeV2 
SysErr [%]
Q2 = 4.5 GeV2 
SysErr [%]
Q2 = 5.5 GeV2 
SysErr [%]
12.5 2.78 3.08 - -
17.5 2.85 2.22 - -
22.5 2.27 7.09 - -
27.5 2.66 3.70 - -
32.5 2.80 3.91 2.76 3.16
37.5 2.42 2.44 4.86 3.24
42.5 2.12 2.83 2.90 2.61
47.5 2.85 4.22 1.41 2.83
52.5 2.73 2.19 2.27 2.40
57.5 2.36 3.94 0.76 2.35
62.5 2.92 2.62 2.25 2.60
67.5 3.08 2.74 2.94 2.92
72.5 2.52 3.17 2.38 2.69
77.5 2.41 3.24 3.00 2.88
82.5 2.87 2.57 2.88 2.77
87.5 3.38 1.94 2.92 2.75
92.5 3.45 6.59 2.16 4.06
97.5 2.59 4.54 3.63 3.58
102.5 2.92 4.16 2.48 3.19
107.5 3.61 3.26 5.21 4.03
112.5 3.18 5.00 - -
117.5 3.51 3.49 - -
122.5 3.51 7.88 - -
127.5 3.01 3.95 - -
TABLE 4.3: System atic errors associated w ith the missing mass cut, for Q 2 =  
2.5, 3 .5 ,4 .5 , and 5.5 GeV2 and 24 bins in 9pq.
4.2 CL AS Acceptance Calculations
4.2.1 D etector Simulation
In order to relate experimental yields to the cross sections we need to extract 
the geometrical acceptance and the efficiency of all detector subsystems of CLAS. 
The procedure for determining the geometrical acceptance and the detector effi­
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ciencies requires several steps: first, we need to simulate the response of CLAS to 
the propagation of charged particles through its component subsystems; second, we 
need a realistic generator that will reproduce distributions of particles emitted in the 
reaction that we are studying; and third, we need a consistent reconstruction and 
analysis procedures for both simulated and real data. The procedure is schemati­
cally shown in Figure 4.15. Based on the GEANT simulation software package, from 
CERN, GSIM models the response of CLAS to the propagation of different charged 
particles through the spectrometer. GSIM is a stand-alone software package that 
can be tailored for the various experimental runs with CLAS by simply changing 
a configuration file that contains information about detector thresholds and about 
the target, and an input file that contains the output of the event generator. Spe­
cific to each experimental group is the model of the target. For the E6 run period, 
N. Dashian from the Yerevan Group set up the target model. GSIM simulates a 
realistic response of CLAS to charged particles traveling through. In order to ac­
count for CLAS detector responses a post processor (GPP) program turns the trails 
of deposited energy created by GSIM into raw detector signals. GPP reads from 
a MySQL database that contains information about dead regions in the DC and 
malfunctioning TOF paddles at the actual time of data taking and excludes them 
from the simulated data. After this step the simulated data are passed through the 
same particle reconstruction code (RECSIS) as the real data. In order to calibrate 
the simulation to the real data we checked the TOF scintillator efficiencies sector by 
sector. We plotted the electron vertex time, defined as the difference between the 
time of flight measured by CLAS and the expected time of flight computed using 
electron momentum and velocity, versus the TOF scintillator paddle number. In 
this way we could identify the malfunctioning TOF paddles and exclude them from 
the analyses, of both simulated and real data as shown in Figure 4.16.






A C C = R E C /M C
ANALIZER 
(fiducial cuts)
FIG. 4.15: Flow chart for acceptance calculations. Using the Monte Carlo tech­
nique we generate events that closely resemble the real experimental data, we 
pass them through GSIM, and then we generate raw signals in the DC and TOF 
detectors using GPP, which simulates the resolution of the actual data. As the 
next step we use the RECSIS package for particle reconstruction in the same 
way as for the real data. We analyze the simulated data in the same way as 
the real data, including all cuts. The acceptance for a particular kinematic bin 
is obtained by dividing the reconstructed simulated events (REC) by the initial 
thrown events (Monte Carlo). Experimental data are corrected for detector ac­
ceptance. This process can be iterated by fitting the corrected experimental data 
to improve the input model and repeating the process.
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In Fig. 4.16 (left) Sector 1 has one miscalibrated paddle #16, Sector 2 has 
one miscalibrated paddle #6 , Sector 3 has two inefficient paddles #11 and #16, 
Sector 5 has one inefficient paddle #21, and Sector 6 has an overall good TOF 
scintillator efficiency. Some of these paddles have been identified by “paddle-to- 
paddle” software (P2P) as inefficient and they were labeled in the MySQL database 
as bad paddles, and thereafter this information was used by the GSIM package. 
Others were not implemented properly in the simulation. In Fig. 4.16 (right) we 
can see that the simulation could not reproduce perfectly the bad paddles seen in 
real data. Therefore these paddles were excluded from the final analysis. A detailed 
description of the procedure of identifying and correcting for inefficient regions of 
the DC and dead scintillator paddles in the TOF wall can be found in Ref. [70].
External radiation of the scattered electrons in the target is calculated by GSIM. 
GPP smears the spatial position of the DC hits and the times of flight, such that the 
simulated data have the same resolution as the experimental data. The smearing is 
controlled by three coefficients corresponding to the three regions of DC (a, b, c) and 
one coefficient for the TOF (/) . To obtain these coefficients we simply compared real 
data step-by-step with simulated data for different sets of smearing coefficients. The 
invariant mass W  distribution for the inclusive d(e,e') reaction and the missing mass 
M M  distribution for the exclusive d(e,e'p)n reaction obtained from real data were 
used to determine whether the smearing coefficients used by GPP were reasonable. 
Fig. 4.17 shows the W  distributions obtained from real data for each sector in CLAS 
compared with the simulated data (left) and the ratios of the real to the simulated 
W  spectra. Details about the simulations of the inclusive and exclusive channels are 
given in Sections 4.2.2 and 4.2.3. The coefficients for DC smearing obtained from 
this study were: a =  1.58, b = 1.58, c =  1.58. The time resolution of TOF described 
in GSIM was found to be in good agreement with the experimental data.




T O F  p a d d le
SIMULATIONDATA
FIG. 4.16: Electron time vertex versus TOF scintillator paddle number for real 
(right) and simulated (left) data, for each sector of CLAS.
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FIG. 4.17: Invariant mass W  distributions (left) for real (solid bullets) and simu­
lated (solid line) data and ratios (right) o f data to simulation for the six sectors 
of CLAS.
Fig. 4.18 shows the electron time vertex spectra for data (upper panel) and 
simulation (lower panel), fitted with a Gaussian in each case. The electron time 
vertex was defined as the difference between the measured time of flight using the 
RF signal, and the computed time of flight using electron momentum and velocity. 
We can see that the means and widths of each distribution are similar. Thus, the 
coefficient /  corresponding to TOF smearing in GPP was chosen to be 1. These 
coefficients were used in simulations for both inclusive d(e,e') and exclusive d(e,e'p)n 
channels.
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FIG. 4.18: Electron time vertex for real (upper plot) and sim ulated (lower plot) 
data. M alfunctioning scintillator paddles were excluded.
4.2.2 Inclusive d(e,e/) Simulation
Acceptances for the inclusive d(e,e') reaction were calculated and applied to 
the experimental data in order to extract absolute cross sections. Existent world 
data for d(e,e') from SLAC [78,80] and from Jefferson Laboratory [73] were used for 
comparison with our results. In Figure 4.19 we present the kinematic coverage of E6 
and the existent inclusive d(e,e') experiments. As mentioned earlier in the text we 
needed to model the experimental data in order to extract acceptances. Our d(e,e') 
simulation was based on a theoretical model constructed by Misak Sargsian as de­
scribed in Ref. [81]. This model computes the cross sections of the inclusive d(e,e') 
reaction using two different approaches: the Virtual Nucleon Impulse Approxima­
tion [60,78] and the Impulse Approximation based on Light Cone Dynamics [82].
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FIG. 4.19: Kinematic regions covered by d(e,e') experiments that extend to xb >
1: red area - Eld run period (CLAS) E  = 2.474 GeV; blue area - E6a run period 
(CLAS) E  = 6.764 GeV2; green points are from Hall C [73] and black points are 
from SLAC [74-78]. The plot is from Ref. [79].
For this simulation we used the cross sections calculated in the Relativistic Light 
Cone Impulse Approximation where the high momentum components of the nuclear 
spectral function are described in the framework of the Glauber approximation. It 
is assumed here that the few-nucleon short range correlations (SRC) account for 
the high momentum components of the nuclear wave function. This allows us to 
describe the electron-nucleus cross section at x > 1 in terms of the absorption of vir­
tual photons on individual few-nucleons correlations. This model describes electron 
scattering where the momenta of the struck nucleon exceeds the Fermi momentum 
and relativity and off-shell effects become more important. This model uses the 
deuteron wave function derived from the Paris potential. For quasi-elastic scattering 
the dipole nucleon form factor has been used, and for the inelastic part of the inclu-
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FIG. 4.20: Experim ental cross sections do/dQ2dx from Ref. [78] (solid bullets) and 
the model from Ref. [81] (solid curves) for six different beam  energies: E^eam =  
9.744, 12.565, 15.730, 17.301, 18.476, and 20.999 GeV.
sive d(e,e') cross section only A-isobars are considered. For the parametrization of 
inelastic form factors Ref. [74] has been used. The spectral function is constructed 
using the simple Fermi step distribution for nucleon momenta with contributions 
above the Fermi surface coming from two-nucleon short-range correlations.
In this analysis we focused on quasi-elastic inclusive electron scattering for 
Q2 = 1 — 7 GeV2 and x = = 0.7 — 2.0. Reasonable agreement between
this model and data from SLAC [78] and Jefferson Lab [73] is shown in Figs. 4.20 
and 4.21, respectively. This model agrees well enough (within 10-15%) with the 
data to be used as an input generator in our acceptances calculations for d(e,e'). We 
generated Monte Carlo events with a distribution corresponding to the model cross 
section. We passed simulated data through GSIM and GPP (using the smearing 
coefficients adjusted to reproduce the quasi-elastic peak width), reconstructed the
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FIG. 4.21: Experimental cross sections d o / d E ’dSl from Ref. [73] (bullets) together 
w ith the model from Ref. [81] (solid curves) for three different beam energies: 
Ebeam =  2.445 (squares), 3.245 (triangles), and 4.045 (bullets) GeV and several 
electron scattering angles. Only the inelastic region (x  <  1) is covered by these 
data.
particles with RECSIS, and collected the reconstructed events in Ntuple-10 format 
(CLAS) just as we did with the experimental data. Wherever possible the number 
of Monte Carlo events was chosen to be much larger than the corresponding number 
of real events in order to avoid statistical uncertainties in the simulation being a 
significant error. The ntuples containing Monte Carlo events were analyzed with the 
same analysis software package as for the real data. Cross sections were obtained by 
normalizing experimental yields (obtained within our fiducial cuts and corrected for
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e+e“ -pairs, pion backgrounds, and internal radiative effects) to the total live-time 
gated charge accumulated by the Faraday Cup, the target density and the detector 
acceptance. Comparisons between experimental raw cross sections (no acceptance 
applied) and simulations, on a sector by sector basis are presented in Fig. 4.22 
versus Q2, in Fig. 4.23 versus electron momentum distributions, in Fig. 4.24 versus 
electron polar scattering angle, and in Fig. 4.25 versus electron azimuthal scattering 
angle. W ith the exception of regions of low acceptance (at the edge of CLAS) 
the agreement between the simulation and real data was found to be within 10%, 
which is comparable with the accuracy of the model. We extracted acceptances (as 
shown schematically in Fig. 4.15) in each kinematic bin as the ratio of the number 
of reconstructed events Nrec (obtained within our fiducial cuts) over the number of 
events generated Ngen (generated in full phase space):
F „  = (4.1)
1 'gen
where Facc is the acceptance factor which was used to normalize the experimental 
yields. A sample of Facc for several Q2 bins is presented in Fig. 4.26. The detection 
efficiency of CLAS defined as the ratio of the number of reconstructed to generated 
events within E6 fiducial cuts mentioned in Section 3.3.1 (geometrical contour of 
regions of high detection efficiency in CLAS) was obtained from simulations. In 
Figure 4.27 we can see the increase in efficiency with Q2. An overall efficiency 
of «  91 % was observed. The fluctuations from unity are due to the kinematic 
smearing simulated by GPP. For distributions with sharp peaks or steep slopes 
shapes of generated and reconstructed spectra may well be different. This introduces 
a non-trivial kinematic dependence into the efficiency. Two sources of systematic 
uncertainties could be identified from the acceptance calculations.
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FIG. 4.22: Q2 distributions (left) for real (solid bullets) and sim ulated data (solid 
line), and ratios (right) of data to sim ulation for the six sectors of CLAS. The 
acceptance in Q 2 is reasonably flat w ith deviations arising from the mismatch  
between actual and simulated detector dead regions.
Sector 1 •  D ata/M odel
1IXHM
Sector 2  2X 10
S e c t o r  3 2
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S e c t o r  5  2x 10
 ~ ^ S s P \ .
P  electron
FIG. 4.23: Electron momentum p e le c tr o n  distributions (left) for real (solid bullets) 
and simulated data (solid line), and ratios (right) of data to sim ulation for the six 
sectors of CLAS. The acceptance in p ei ec tro n  is relatively flat but falls off rapidly 
at low and high momentum.
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FIG. 4.24: Distributions of electron scattering angle 9 e iec tro n  (left) for real (solid 
bullets) and simulated (solid line) data, and ratios (right) of data to simulation  
for the six sectors of CLAS. The acceptance versus 9 e ie c tr0 n  is relatively flat and 
falls precipitously above about 50°.
—...  cJcttd
FIG. 4.25: D istributions of electron azim uthal scattering angle 4>electron  f°r real 
(solid histogram) and sim ulated (solid line) data for the six sectors of CLAS.
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FIG. 4.26: Acceptances versus x  for several bins in Q2 from 1.8 to 2.4 GeV2. The  
acceptance rises w ith  increasing Q 2 and ranges from less than  10 % to as much 
as 30 %.
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FIG. 4.27: Efficiency obtained from GSIM simulations. T he efficiency was defined 
as the ratio of the number of reconstructed events to the number of generated 
events w ithin our geometrical fiducial cuts. Here the efficiency increases with Q 2.
The first one is due to the model used in the simulation. A wrong cross section 
model used in the event generator could lead to a deviation of the absolute GSIM 
simulated cross sections from the measured ones. We used a wrong model by mod­
ifying the distributions given by the model of Ref. [81] and extracted a new set of 
acceptances. The difference in the acceptances obtained using two different models, 
for each kinematic bin, was taken as an estimate of the systematic uncertainty. A 
uniform systematic uncertainty of 1.5% due to model dependence of the acceptance 
calculations was added in quadrature to the total systematic error. The second 
source of uncertainty comes GSIM’s inability to reproduce a realistic response to 
electron tracks at different momenta and scattering angles. We calculated the GSIM 
systematic errors as:
^GSIM =  \ J (<5gsim)2 -  (^ g s im )2 (4 -2 )
Here <5qsim  is  the weighted root mean square deviation of the difference between
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measured and simulated raw cross sections for all six sectors of CLAS:
12
,  f K o T - n - A . ,  f 4 3 ,
where A a is the weighted average of the difference (cr'!Xp — crpSIM). The statistical 
component of the deviation is given by:
/ «
=  ( E  (^ )2 +  (%1m)2 j  0 .4)
The resulting systematic errors, averaged over W  and plotted as a function of Q2, 
are shown in Figure 4.28. Systematic deviations from sector to sector ranged from 
1 to 3% and depended mostly on the electron polar scattering angle. All systematic 
errors were added in quadrature.
Absolute normalizations, error analysis and extraction of absolute cross sections 








FIG. 4.28: GSIM system atic errors ^gsim as a function of Q2. T he solid line show 
the parameterization used in calculating acceptance uncertainties.
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4.2.3 Exclusive d(e,e'ps)n Simulation
For the simulation of the exclusive d(e,e/ps)n channel we began by building 
an event generator based on realistic distributions extracted from E6 data. We fit 
data distributions in spectator proton momentum ps, Bjorken scaling variable x, 
momentum transfer Q2 and proton scattering azimuthal angle with respect to the 
momentum transfer direction <f>pq, all distributions being integrated over all other 
variables. Then we generated ps, x, Q2, and (f>pq according to these fits and calculated 
the proton polar angle with respect to q, 9pq, from the constrained tagged quasi­
elastic kinematics. This assumed factorization of probability distributions for the 
coincidence data.
The kinematics of d(e,e'ps)n are presented in Figure 4.30. The leptonic plane
—> —^
is defined by the incident k(Ebeam,k) and scattered k'(E' ,k') electron momenta. Mo­
menta of the spectator proton p(Ep,ps) and the struck neutron n(En,ft) form the 
hadronic plane. Here Ebeam, Ep and E n are the beam, spectator proton and struck 
neutron energies, respectively. The virtual photon four-momentum is q(u,q) where 
v =  Ebeam ~ E ' . The angle between these two planes is (j>pq. The proton polar angle 
with respect to the momentum transfer direction q is defined as 9pq. The advantage 
of an exclusive process is that we can account for all reaction products by applying 
conservation laws. Applying conservation of energy for d(e,e'ps)n we obtain:
u +  Tfrf =  Ep +  En,
E l  = M n 2 +  n2,
E 2P = M 2p + P l  (4.5)
where Md «  2Mp, Mp and Mn are the deuteron, spectator proton and on-shell
neutron masses, respectively. From momentum conservation we obtain:
q - P s  = n,
q2 +  p] ~ 2qps cos 0pq — n2, (4.6)
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FIG. 4.29: M issing mass (MM) spectra obtained from real (upper-left panel) and 
simulated (upper-right panel) data each fitted with a Gaussian. The real (solid 
bullets) and sim ulated (solid curve) MM spectra for Sector 1 are shown in the 
lower panel.
where q2 =  q% +  q2  +  q2, p2  = pi  +  p2 +  p2z, and n 2 =  n 2x +  n 2 +  n 2. Introducing 
Eq. 4.5 into Eq. 4.6 we obtain:
(u + M d -  E p ) 2 = M n 2 + q2 + p 2s -  2qps cos 9pq (4.7)
Rearranging assuming M d = Mp + Mn and Mp ~  Mn and Q 2 =  q2 — u2  yields:
Q2 — 4(MP +  v)Mp +  2(u +  2MP)EP 
cos e „  = -------------------- — --------------------  (4.8)
This is the main constraint we applied to our kinematics. Our event generator picks 
the set (ps, Q2, (f)pq and x) using the distributions lit to the experimental data and 
calculates 0pq using Eq. 4.7. From the first iteration using this model we extracted
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FIG. 4.30: Kinematics of the d(e,e'ps)n reaction.
preliminary acceptances and corrected the data. We performed another set of fits to 
the acceptance corrected data and extracted a new set of constants for the parame- 
terizations used in the event generator. Several iterations were needed to adjust the 
model to the data. The parameterizations of ps, Q2, (j)pq and x  distributions used in 
our final input model are presented in Appendix F. Figure 4.31 shows good agree­
ment between the simulated and experimental plots of (f)pq versus 6 pq. Distributions 
for spectator proton momentum ps (upper panel), momentum transfer Q2 (middle 
panel), and x  (lower panel) obtained from experimental (solid bullets) and simu­
lated data (solid curves) are shown in Figure 4.32 (left). The corresponding ratios 
of real to simulated data are shown in Figure 4.32 (right), for each distribution. The 
proton polar angular distributions for real (solid bullets) and simulated data (solid 
curve) are shown in Figure 4.33 (left), and the corresponding ratio between them 
is shown in Figure 4.33 (right). For each iteration we passed the generated events 
through GSIM using the FFREAD card input (presented in Appendix D) which 
contains setting of CC, EC, DC, SC cuts, target characteristics and beam energy. 
These settings were chosen to bring the simulations as close as possible to the real
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FIG. 4.31: Proton polar versus azimuthal angle w ith respect to the momentum  
transfer direction for simulated (left panel) and real data (right panel).
experimental conditions at the time of data taking. After this step we passed our 
simulated data through RECSIS and we stored the output in Ntuples 10-format 
just as was done for the real data. The simulated ntuples have information about 
the initial generated data (thrown Monte Carlo events) and about the reconstructed 
events which passed all the ID and fiducial cuts required in the main analysis. We 
ran the Monte Carlo simulation long enough such that the simulated data had far 
smaller statistical errors than the real data. The output from GSIM was fed into
Energy [GeV] Region 1 Region 2 Region 3
5.645 1.58 1.58 1.58
TABLE 4.4: GPP smearing parameters for the three DC regions.
the Post Processing program GPP to generate the Monte Carlo raw data. Smearing 
parameters corresponding to different DC regions were adjusted until the missing 
mass spectrum (MM) obtained from simulated and real data agreed (see Fig. 4.29). 
These parameters are given in Table 4.4.
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FIG. 4.32: Left: Proton mom entum ps (upper panel), m om entum  transfer Q2 
(m iddle panel) and Bjorken scaling variable x  spectra for real (solid bullets) and 
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FIG. 4.33: Left: Proton scattering polar angle 9pq (upper panel) and proton az­
imuthal scattering angle <f)pq (lower panel) w ith respect to q for real (solid bullets) 
and simulated (solid lines) data. Right: The corresponding ratios of real to sim­
ulated data.
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FIG. 4.34: Detection efficiency of d(e,e'ps)n events in CLAS within E6 fiducial 
cuts for Q2 =  2.5, 3.5,4.5 and 5.5 G eV2 (different colors and shapes markers).
An efficiency of ps 80% was obtained.
As shown schematically in Figure 4.15 the last step in extracting the acceptance 
for each kinematic bin is to compute the ratio of the number of reconstructed events 
which passed all the ID and fiducial cuts as for real data to the number of events 
generated in the full phase space. The detection efficiency of d(e,e'ps)n events in 
CLAS within our fiducial cuts was obtained from simulations with the same fiducial 
cuts as the experimental data. An efficiency of ~  80 % was obtained as shown in 
Figure 4.34. The TOF smearing parameter /  =  1 gave a good agreement between 
data and simulation. Acceptance calculations should not depend strongly on the 
input model if buin migration is not significant. We used several trial models to 
adjust our simulation to be as close as possible to the real data and studied the 
model dependence of our acceptance calculations. Figs. 4.35 - 4.37 (upper panels) 
show ps distributions for experimental data (solid bullets)) and various trial models 
(colored curves) for four kinematic bins Q2 =  2.5, 3.5, 4.5 and 5.5 GeV2.
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FIG. 4.35: Upper panel: Spectator proton mom entum for real data (solid bullets) 
together w ith several simulation m odels (different color curves). Lower panel: 
Corresponding acceptances (different colors and shapes markers). Both plots 
correspond to Q 2 =  2.5 GeV2.
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F IG . 4.36: Same as in Fig. 4.35, except for Q 2 =  3.5 G eV2.
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FIG. 4.38: Same as in Fig. 4.35, except for Q2 = 5.5 GeV2.
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FIG. 4.39: Final spectator proton acceptances extracted from simulations for Q2 =  
2.5,3 .5 ,4.5 and 5.5 GeV2 and ps = 0.25 -  1.00 G eV /c.
The corresponding acceptances extracted using different input models for the 
d(e,e'ps)n simulations are shown in Figs. 4.35 - 4.37 (lower panels) by different 
colored and shaped markers. At low Q2  the model dependence of the acceptance 
calculations is small, but it increases with momentum transfer Q2. We conclude that 
a good simulation of the real data is crucial in order to obtained a realistic accep­
tance. The final acceptances as a function of ps using the most realistic model are 
shown in Figure 4.39. They were used in extraction of absolute cross sections versus 
ps in the d(e,e'ps)n reaction presented in Section 5.2 and tabulated in Appendix D.
The acceptances range from 15% to 45% . The systematic uncertainties asso­
ciated with the model dependence of the acceptance calculations were taken as the 
root mean square (RMS) deviation of the input models used in simulations for each 
kinematic bin. These uncertainties are given in Table 4.5. If the detector model im­
plemented in GSIM were perfect, then we would obtain the perfect response of CL AS
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FIG. 4.40: Distributions in electron azimuthal angle (upper panel) and proton  
azimuthal angle (lower panel) for real (filled histogram) and simulated (solid 
histogram) data. Sectors 1,3, and 5 for electrons and Sectors 3, 5, and 6 for 
protons are well described by the simulations.
to detected charged particles. But in reality the GEANT simulation of CLAS does 
not reproduce all detector responses to charged particles. We can correct for this 
by comparing the data and the simulation on a sector-by-sector basis. Figure 4.40 
shows the scattered electron azimuthal angle (upper panel) and the scattered proton 
azimuthal angle (lower panel) for real (filled histogram) and simulated data (solid 
histogram), corresponding to each of the six sectors of CLAS. For the electron case, 
Sectors 1,3, and 5 are well-described by the simulations, while for the other three 
sectors GSIM fails to reproduce perfectly the experimental data. For the proton 
case, Sectors 3, 5, and 6 are well-described by the simulations while Sectors 1, 2 and 
4 are poorly reproduced. The uncertainties associated with this effect Were com-
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puted with the same method described in Section 4.2.2, Eqs. 4.2 -  4.4. We corrected 
for the sector inefficiency by normalizing the yields of badly simulated sectors to the 
average of well simulated sectors. The correction factors associated and systematic 
uncertainties are presented in Section 4.4.
Ps
[MeV/c]
Q 2 =  2.5 GeV2 
SysErr [%]
Q 2 =  3.5 GeV2 
SysErr [%]
Q 2 =  4.5 GeV2 
SysErr [%]
Q 2 =  5.5 GeV2 
SysErr [%]
275 0.09 0.62 1.07 2.34
325 0.09 0.73 1.37 2.88
375 0.12 0.31 2.19 1.41
425 0.19 0.37 0.35 1.20
475 0.23 0.40 1.82 1.58
525 0.29 0.58 0.73 1.02
575 0.33 0.55 0.34 2.23
625 0.28 0.51 0.84 1.99
675 0.42 0.74 2.19 2.02
725 0.38 0.63 0.49 2.50
775 0.36 0.88 1.33 3.20
825 0.42 0.72 0.76 2.70
875 0.35 0.64 0.99 2.05
925 0.57 0.64 1.00 2.96
975 0.35 1.15 2.95 1.80
TABLE 4.5: System atic uncertainties associated with the m odel-dependence of 
acceptance calculations for different kinematic bins: Q2 =  2 .5 ,3 .5 ,4 .5 , and 5.5 
GeV2 and ps =  0.25 — 1. G eV /c.
4.3 Absolute Normalizations
4.3.1 Beam Charge
A Faraday cup was used to measure the accumulated charge of incident elec­
trons. Computer dead time in the experiment was taken into account by gating the 
Faraday cup on the computer live time. The Faraday cup is digitized with 9136 
counts per /rC. The data acquisition system (DAQ) records data at a rate of «  2
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kHz. A second scaler records continuously the accumulated charge from the begin­
ning to the end of each run. Because of a bug in the DAQ sofware some runs had a 
non-zero value at the beginning of the run. Therefore, instead of taking just the end 
value of accumulated charge for that run, we have to subtract the charge recorded 
exactly at the beginning. Taking this effect into account for each run, and summing 
over all runs, we obtained a total charge of 9.18722 xlO-3 Coulomb, which corre­
sponds to 5.742 xlO 16 electrons. The average beam current during the experiment 
was about 7 nA. Therefore the number of counts N counts written to the data stream 
by the DAQ every 10 second interval counts is:
7(nA) • 10(sec) ,
counts =  1 0 (counts) = C°UntS (49)
Assuming that the calibration error for the Faraday cup is negligible, the uncertainty 
associated with the total charge comes from the digitization truncation of 700, or 
0.14% for a file of x  events. This error is small and can be neglected.
4.3.2 Em pty Target contribution
In order to remove the contribution from scatterings on the target walls we ana­
lyzed the empty target data in the same way as the full target data. We normalized 
the integrated yields to the charge accumulated on the “live-gated” Faraday cup 
and subtracted from the full data:
QitotfullNcorr(x, Q ) =  NMl(x, Q ) -  u Nem p ty f o ,  Q ), (4.10)
b? em pty
in which N con(x ,Q2) is the corrected yield, Afuii is the number of events selected 
from the full target data, Wmpty is the number of events selected from the empty 
target data, and Qfun and Qempty are the FC charge accumulated for the fulland 
empty target data sets, respectively. A possible systematic error on the absolute 
normalization of the extracted cross section is related to the cold D 2 gas remaining
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FIG. 4.41: Vertex distribution for each sector of CLAS for scattered electrons along 
the beam direction. The black histogram shows electron Z-vertex distribution for 
the full deuterium target while the red histogram corresponds to the empty target. 
Each distribution is normalized to the live-gated charge collected by the Faraday 
cup.
inside the target even after the target was emptied. This can be estimated by a 
comparison of the integrated yields of full and empty target runs within the target 
volume, excluding the target walls. We applied an electron vertex cut —2. < Z ei < 
1.5 to both empty and full target data and estimated the ratio between them for 
each sector. The ratio appeared to be sector independent with an uncertainty of 
0.1%. After target contribution subtraction the fraction of events remaining well 
outside of our vertex cut (\Zei\ > 2.) gave a fraction of 0.3%. These systematic 
errors were added in quadrature to the final systematic error.
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4.3.3 Cross Section Calculation
The inclusive d(e,e') cross section was evaluated using the following equation: 
* g ■(».<?) =  * " ‘f ' Z f ' x c x .  (4.11)
dQ2dx ’ Pj^lQtot A Q 2A x  
in which p is the density of liquid deuterium (Z?2) in the target, Na is Avogadro’s 
number, Ma is the target particle’s molar mass, I is the target length, Qtot is total 
live-gated charge in Faraday cup, and Ni /f (x,Q2) is the number of events obtained 
from Eq. 4.1.6. The corresponding bin sizes are A Q2  and Ax.  The correction 
factor C.F. accounts for the photo-electron cut in CC (Fphe), pair production and 
pion contaminations (Fe+e~), detector acceptance (Facc), electron detection efficiency 
(pei), radiative effects (Frc) and luminosity (L) and is given as:
C.F. =  - — FrcFaccFpheFe+e- . (4-12)
Lpe 1
The exclusive d(e,e'ps)n cross section is presented in bins of Q2, x, and ps within 
the solid angle dflpq defined by the azimuthal and polar angles with respect to the 
exchanged virtual photon momentum direction. The number of events detected in 
the kinematic bin d K  (dK  =  dQ2 dxdpsdVtpq) can be computed as:
< 4 ' 1 3 )
The electron charge is e =  1.602 x 10“19 Coulomb and Avogadro’s number is N a =  
6.02 x 1023 (per mole). The liquid deuterium target has a density of p = 0.169 g/cm 3 
and the length of the target used in this analysis was 3.5 cm. The differential cross 
section for the kinematic bin defined by AQ2, Ax ,  Aps and A pq can be writen as:
do NdK e M a 
x -7 - 7 - x
dK dK  f l d t  pNpJ
x C.F. (4.14)iVdK
A Q 2 A x A p sA£l p q
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The correction factor C .F . is defined in a similar way as one in Eq. 4.11 but taking 
into account the proton detection efficiency fj,pr and sector tracking inefficiency /J,Sect-
C.F. =   ----- --------FrcFaccFpheFe+e-. (4.15)
Mpr/^ sect
The integrated luminosity is defined as L = N eiNd where N ei and Nd are the num­
ber of electrons corresponding to the total charge accumulated on the “live-gated” 
Faraday cup and the number of deuterons per unit target area, respectively:
f l d t  lfi ,
Nei =   ----- =  5.742 x 10 electrons
e
N d = =  3.5(cm) x 0.169(g/cm3) x 6‘022 x 1023 (1/mol) =  1 7gl x 102 ^ ^
M a v ’ K 1 1 2(g/mol) v
The integrated luminosity for this experiment was:
L =  5.742 x 1016 x 1.781 x 1023cm“2 =  1.022 x 1040cm“2 (4.17)
All the correction factors included in the final absolute normalization are presented 
in Table 4.8.
4.3.4 Radiative Corrections
The electron may lose some of its energy before or after scattering by ioniza­
tion of the target material or by bremsstrahlung. Internal bremsstrahlung occurs 
in the field of the nucleus involved in the reaction, and external bremsstrahlung 
occurs when the electron radiates in presence of another nucleus. The rate for in­
ternal bremsstrahlung is proportional to the target thickness, whereas the rate for 
the external bremsstrahlung is proportional to the square of the target thickness. 
Therefore, external radiative effects are reduced considerably in very thin targets, 
and internal bremsstrahlung dominates.
The first calculations of these radiative effects were done by Schwinger [83] 
and later improved by Mo and Tsai [84]. The Feynman diagrams of the lowest
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order radiative effects are shown in Figure 4.42. Although the Mo and Tsai recipe 
has been used for decades for inclusive elastic and inelastic electron scattering, for 
exclusive processes such as d(e,e'p)n this approach cannot be directly applied. For 
the inclusive d(e,e') channel we extracted the radiative correction factor for each 
kinematic bin from the ratio of the model cross sections of Ref. [85] with and without 
radiative effects. Samples of the radiative correction factor N RC extracted from this 
model and defined as the ratio of the full cross section to the Born cross section 
(Nrc =  °Bort) are shown in Figure 4.43. The radiative effects were calculated in 
this code using the method developed by Mo and Tsai. The radiative tail from 
elastic and inelastic processes were evaluated in the peaking approximation which 
uses the fact that bremsstrahlung photons are mostly emitted in the direction of 
the incident and scattered electrons. In these calculations internal radiation as well 
as the external radiation together with ionizations effects were taken into account 
[86]. Under the elastic and quasi-elastic peaks the systematic errors can be neglected 
because in this region the Schwinger correction is dominant, known to a very good 
accuracy from QED, and model independent. In the quasi-elastic region (x > 1) the 
radiative correction N RC is almost independent of momentum transfer Q2 with a 
value of ~  0.70. For the exclusive d(e,e'p)n reaction a proton is detected in addition 
to the final electron, which modifies the phase space allowed for the final radiated 
electron. The exact formalism for the exclusive internal correction requires four 
structure functions associated with the additional angular dependence, instead of 
the two used by Mo and Tsai. The Mo and Tsai method requires an unphysical 
parameter for splitting the soft and hard regions of the radiated photon’s phase space 
in order to cancel the infrared divergence. An essential step in this calculation is to 
integrate over an energy range A E  that includes part of the elastic peak and part 
of the radiative tail. Another method proposed by Bardin and Shumeiko [87], uses 
a covariant procedure that uses an integration over a squared missing mass.





FIG. 4.42: Feynman diagrams for internal radiative processes: a) and b) represent 
bremsstrahlung before and after the interaction, c) and d) corresponds to the 
renormalization of the electron mass, e) represents the vertex correction, and f) 
results in the renormalization of the virtual photon due to vacuum polarization.


















FIG. 4.43: Radiative correction factor Nrc =  °aBorn > defined as the ratio of full to 
Born cross sections, for the inclusive d(e,e') reaction for Q2 = 1.7 —2.7 GeV2, and 
x = 0.7 — 2. The calculations were taken from the model described in Ref. [85].
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The radiative cross section of the exclusive process d(e,e'p)n can be written as
[88]:
(4 7 ra)3 dQ2 d W 2 dflh f  , v fa \w
^  =  j w "  - J  (4-i8)
where S  =  2EiMp, dVL^  is the solid angle of the detected proton, v =  A2 — is 
the missing mass (or inelasticity) due to the emission of a bremsstrahlung photon, 
m u is the mass of the undetected hadron (in this case neutron), Lpv and are 
the leptonic and the hadronic tensors. Here, factors Aw and f w  are given by:
Aw =  {W 2 - m 2h - M l iss)2 - i m 2hW 2,
fw  = W  -  E h + Ph[cos 6 h cos 9k +  sin 9h sin 9k cos (fa -  (j>k)], (4.19)
where 6 h, 4>h, 6 k and fa are the proton and radiated photon’s polar and respectively 
azimuthal angles. We used a modified version of the program EXCLURAD, written 
by A. Afanasev [88] for exclusive pion electro-production p(e,e’7r+)n , and modified 
by G. Gilfoyle [89] for the d(e,e'p)n channel. The response functions for the deuteron 
were calculated by W. Van Orden and implemented into the code.
EXCLURAD uses as inputs the beam energy E beam, the invariant mass of the 
struck neutron W,  the squared virtual photon momentum Q2, and the detected 
proton angles in the center-of-mass frame, and the inelasticity cutoff v, 9P and fa, 
as shown in Figure 4.44. In our analysis we choose a cut on the missing mass at 
l  GeV to select quasi-elastic events. Hence we obtain v = 0.117. The radiative 
corrections are strongly dependent on v. A tight cut on the missing mass eliminates 
contributions from the higher-energy part of the bremsstrahlung spectrum, thus 
leading to a larger magnitude radiative corrections. In order to apply radiative 
corrections to our data we transformed from the CM of the detected proton used by
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FIG. 4.44: Definition of momenta and angles in the center-of-mass of the detected 
proton for the d(e.e/p.s)n reaction.
EXCLURAD to the LAB frame using the Lorentz transformations defined as:
^CM =  7(^lab — /3<Zlab),
where B = , , q, is the Lorentz boost from the LAB frame to the CM frame of^  Md+v
scattered proton. The energy and momentum transfer in the CM are, respectively, 
zzCM and qcu , while the corresponding quantities in the LAB frame are i'lab and 
9 l a b - The orthogonal components of the spectator momentum ( P l a b ’ P l a b ) in the 
LAB frame are given by:
where ps is the momentum component of four-vector ps(Ep,ps) and 9pq is the proton 
scattering angle with respect to the momentum transfer direction. Using the Lorentz
9cm — 7(9lab -  / ^ lab), (4.20)
)LAB
PQ
Plab =  /'»sm 7 7 (4.21)




FIG. 4.45: Linear interpolation to compute probabilities t, u and v to find a 
particle with coordinates x, y, and z in a bin of known boundaries xi, X2 , yi, ]J2 - 
z i, and Z2 - The probabilities t, u and v are given in Eq. 4.22.
transformations of Eqs. 4.18 and the Eqs. 4.19 we can compute the orthogonal 
components of the spectator proton momentum in CM frame:
P cm  =  t (P l a b  -  W ) .
Pcu = Plab> (4.22)
where and p^M correspond to the orthogonal components of the proton mo­
mentum in the CM frame and Ep is the energy of the scattered proton. Now we 
can compute the polar angle 6  ^M between the virtual photon momentum q and the 
spectator proton momentum ps in CM frame:
C 0 S g C M  =  P C M  ( 4  2 3 )
V ^Pcm)2 +  (PcM)2
Using EXCLURAD we generated radiative corrections corresponding to each kine­
matic bin in Q2, x and ps. The 6 - and ^-dependence of the radiative corrections is
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Q 2 =  3.0 (G e V f, x  = 1.1, Ebeam = 5.7645 (GeV)
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FIG. 4.46: Dependence of the radiative corrections on (f>pq for four values of the 
spectator momentum ps = 425,475,525 and 575 MeV/c at Q2  = 3 GeV2 for 
x — 1.1, and the polinomial fit (solid curves) of this dependence.
significant for our analysis (see Figure 4.46). We parameterized the (^-dependence of 
the correction using a fifth-order polynomial (solid curves in Fig. 4.46) in the vari­
ables Q2, x, and ps. In the final analysis we found that a simple linear interpolation 
was sufficient for obtaining radiative corrections at specific values of x, Q2, and ps.
The formula for a 3-way interpolation is:
( /)  = / 5( 1 -  f)(l -  u){ 1 -  v) +  f 2 tu( 1 - v )  +
+ f i t { \  -  u)( 1 - v )  + f 7( 1 -  t){ 1 -  u)v +
+ / 6( 1 -  t)u{ 1 -  v) +  /s ( l  -  t)uv +
+ / 3t( 1 -  u)v +  f i tuv,
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FIG. 4.47: Radiative correction factor Frc as a function of ps for Q2 = 2.5,3.5,4.5, 
and 5.5 GeV2. Frc is nearly independent of ps and Q2 and ranges from 79.5% to 
82.5%.
where (/} is evaluated at the coordinates x, y, z within 3-dimensional bin of known 
boundaries Xi, x 2, yi, y2, Zi, z2. Then:
x — X\ V ~  Vi z — z\t = --------- , u = - — — ,v = ---------------------------------------- 4.25
X2 -  xi  y2 yi z2 -  zx
We generated a grid in Q2 , x, and ps and used Eq. 4.24 to interpolate radiative 
correction factors for d(e,e'p)n. We applied these interpolated factors event-by- 
event as a weighting factor in the histograms of accumulated events as explained 
in Section 5.2.2. The radiative correction factor Frc defined as the ratio of the 
radiated to unradiated cross sections versus ps is shown in Figure 4.47 for Q2 =
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2.5, 3.5, 4.5, and 5.5 GeV2. Frc is nearly independent of ps and Q2 and ranges 
from 79.5% to 82.5%. The model used for calculating radiative corrections for 
d(e,e'p)n is based on P W I A , and does not include the meson exchange currents 
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FIG. 4.48: The ratio of the unradiated to radiated cross sections for four different 
bins in Q2 and for three different missing mass cuts corresponding to different 
inelasticity v marked by different symbol shapes.
the radiative corrections should depend primarily on the correct kinematics of the 
exclusive reaction (the inclusive and exclusive PWIA corrections differ by a factor 
of 2) we anticipate similar results when more sophisticated radiative corrections 
become available. To estimate the uncertainties associated with the missing-mass 
cut, which determines the inelasticity v, we extracted three sets of corrections for 
three different missing mass cuts: M M  <1., M M  <1.05 and M M  <1.1 GeV (as 
shown in Figure 4.48). The systematic errors associated with the dependence of the
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radiative corrections on the choice of missing-mass cut are summarized in Table 4.6. 
The systematic errors for Q2 =  5.5 GeV2 were evaluated using the average value
Ps Q2 = 2.5 GeV2 Q2 = 3.5 GeV2 Q2 = 4.5 GeV2 Q2 = 5.5 GeV2
[MeV/c] SysErr [%] SysErr [%] SysErr [%] SysErr [%]
275 2.09 1.96 1.84 1.89
325 2.11 2.00 1.73 1.20
375 2.14 1.97 1.61 1.56
425 2.02 1.91 1.81 2.12
475 1.70 1.77 1.61 1.87
525 1.55 1.61 1.65 1.78
575 1.46 1.53 1.52 1.58
625 1.30 1.45 1.49 1.65
675 1.20 1.40 1.44 1.65
725 1.41 1.56 1.60 1.86
775 1.73 1.80 1.79 1.83
825 1.89 1.88 1.92 1.95
875 1.92 1.87 1.81 2.10
925 1.88 1.81 1.81 2.04
975 1.91 1.78 1.76 1.91
TABLE 4.6: Systematic errors associated with the dependence of radiative cor­
rection factor Frc of the inelasticity v = A2 — m2 for Q2 = 2.5, 3.5, and 4.5 GeV2 
and 15 spectator proton momentum ps bins.
of errors corresponding to the lower Q2 bins for each momentum bin. As shown in 
Table 4.6 this uncertainty is fa 2 %. In the near future we will evaluate the radiative 
corrections using Laget’s model [29] which seems to agree with the experimental 
data. We expect that the uncertainties associated with the dependence of radiative 
corrections of the model to be no more than 5%, so we assigned an overall systematic 
error associated with the dependence of radiative corrections of the theoretical model 
and of the missing mass cut of 5%.
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4.4 Corrections and Error Analysis
This section summarizes all the cuts and corrections applied to the experimental 
data and the uncertainties associated with them. First cuts were applied on the 










FIG. 4.49: The electron rejection factor due to the CC photo-electron cut plotted 
as a function of Q2.
fraction cuts were Etotai/v > 0.22 and Einner/p  > 0.08, where Etotai and Einner are 
the EC total energy (sum of energies in the inner and outer layers of the EC) for 
events with momentum p and the energy in the inner layer of EC, respectively. 
These cuts were designed to reduce the pion contamination in the electron sample. 
A 2% systematic error was obtained by varying these cuts by 50% and computing 
the RMS variations in the final data. The electron detection efficiency after the CC 
cut is almost independent of Q2 as shown in Figure 4.49 and has a value of ~  90%. 
The data was multiplied by a factor of 1.111 to account for this inefficiency. A 1% 
systematic uncertainty was associated with this correction factor to account for the
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observed deviation of the cut efficiency from sector to sector. The electron rejection 
factor due to sampling fraction cut (EC cut) was estimated to be 5% and accordingly 
a correction factor of 1.05 was included in the data as well. A 2% systematic error 
was assigned to this factor due to uncertainty about the source of the deviation of 
efficiency of this cut in data and simulation. Despite the EC cut and an increased 
CC threshold we still have pion contamination in the electron sample used in our 
analysis. The 7r“ contamination of the electron sample was estimated to be small 
(see Figure 4.50), in a range from 0.6% to 2.4%. To correct for the pions misidentified 
as electrons we reduced our yields with a variable correction factor that ranged from 
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FIG. 4.50: The Q2 dependence of the 7r contamination of the electron sample 
selected for this analysis.
angle. To account for electrons produced in e+/e “ pair-production we reduced our 
yields by a correction factor ranging from 0.985 to 1. The systematic uncertainties 
corresponding to these corrections were obtained by varying these factors by 50%, 
then applying them to the data and observing the resulting changes in the final
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distributions (cross sections). Figure 2.14 of Section 2.4 shows that our trigger
Type of Cut Applied to Cut Boundaries Purpose
Data
Selection






distribution A cf> < (f>(0 ,p)
select detector region 






-2.0 < Zei < 1.5 
(cm)






Etot/p > 0.22 
E i n n e r /P ^  0.08






Nphel > 2.5 (p < 3.0 GeV/c) 
Nphd >  1.0 (p > 3.0 GeV/c)












-2.5 < Zpr < 2.0 
(cm)




















TABLE 4.7: Cuts applied to the experimental data.
efficiency was 98 ±  2%. A correction factor of 1.02 with 2% uncertainty was taken 
into account in the overall normalization for trigger inefficiency. A correction factor 
of 1.014 with 0.7% uncertainty was introduced into the overall normalization to 
account for the loss of electrons recorded by the reconstruction code (RECSIS) in 
the secondary position in the event data bank. In our main analysis we selected 
electrons as the first particle in each event, negatively charged and passing our cuts, 
neglecting the posibility that a good electron could has been recorded in the second 
position in our BOS-format events. A data sample containing coincidence events 
with an electron in the secondary position and a proton which passed all the ID and 
fiducial cuts. To reject coincidence events originating in the target walls, a cut on
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the Z component of the electron vertex, —2. < Ze; < 1.5 cm, proton vertex, —2.5 < 
Zpr < 2. cm and a cut on the difference between electron vertex and proton vertex, 
—2.0 < A Z  < 2.0 cm, were applied to the data. The correction factor to account 
for the electrons lost due to this cut was estimated to be 1.012 with 0.6% systematic 






EC ID Cut 1.052 correct for the inefficiency 
of the EC cut
CC ID Cut 1.111 correct for the inefficiency 
of the CC cut
Trigger
Efficiency








0.943 -  1.000 correct for pion 
contamination
e+/e “
Contamination 0.985 -  1.
correct for false electrons 




0.957 -  0.985 correct for the contribution of 
accidental coincidences
Coincidences with 
Knock-out Proton 0.8 -  1.0
correct for the contribution of 
coincidences between an 
electron and knock-out proton
Difference Vertex Av 
Cut Inefficiency




1.000 -  1.242 correct for events lost 
due to radiative effects
Sector Tracking 
Inefficiency
1.098 correct for sector tracking 
inefficiency
TABLE 4.8: Correction factors applied to the experimental data.
was made on the proton vertex time, defined as the difference between recorded and 
expected time of flight. A constant normalization factor of 1.01 was introduced to 
correct for lost events due to this cut. A systematic error of 0.5% was evaluated with
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the method described earlier and applied to the overall normalization. To correct for 
the loss of events due to momentum dependence of these cuts we included in overall 
normalization a factor of 1.012 with 0.75% systematic error. Accidental coincidences
Source of Uncertainties SystErr Range 
[%]
EC ID Cut 2
Trigger Efficiency 2
Secondary Electrons 0.7
Electron Vertex ID Cut 0.6
Proton Timing ID Cut 0.5
CC Efficiency 1
Pion Contamination 0 .5 -3
e+/e~ Contamination 0. -  0.75
Accidental Coincidences 0. -  (1-2) - 4
Coincidences with 
Knock-out Proton
0. -  (2.3) -  6
Vertex Difference Cut 0.75 -  1.5
Radiative Corrections 0 . - 5
Tracking Inneficiency 2
Luminosity 3
Bin Migration & 
Model-Dependence of 
Acceptance Calc.
0. -  (1.5) - 4
Total (6.1)
TABLE 4.9: Relative systematic errors in percent. The range of the error as well 
as their average values (in brackets) are given.
were defined as coincidence events with an electron and an accidental proton, defined 
as a positively charged particle with the time of flight at least 12 ns longer than 
that expected for a proton of the same momentum (see Eq. 3.17). We subtracted 
the accidental coincidences from each bin of the final histograms. This subtraction 
resulted in a variable correction factor between 0.957 and 0.985 with uncertainty 
up to 3%. The same procedure of varying these factors by 50% and observe the 
resulting change in the final histograms was used to extract the systematic errors.
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Another source of background is a proton originating from two-step proton knock­









-150 -100 -50 50 100 150
^proton
FIG. 4.51: Azimuthal angular distribution for d(e,e'ps)n events. The electron 
azimuthal angular distribution (upper plot) shows a sector inefficiency for Sectors 
3, 5, and 6 due to dead DC regions and miscalibrated or malfunctioning TOF 
scintillators. The corresponding proton azimuthal angular distribution shows an 
inefficiency for Sectors 2, 3, and 6. An appropriate correction factor was included 
in the overall normalization of the absolute d(e,e'ps) cross sections.
in bin-by-bin basis which is equivalent with a variable correction factor up to 20% 
with an overall uncertainty of 2.3%. A summary of all the cuts and corrections is 
shown in Tables 4.7 and 4.8. The systematic errors associated with these cuts and 
corrections are summarized in Table 4.9.
Systematic errors associated with model-dependence of acceptance calculations 
and the bin migration are shown in the Table 4.5 for Q2 =  2.5, 3.5, 4.5, and 5.5 
GeV2, and ps =  0.25 — 1 GeV/c. A correction related to sector-by-sector tracking 
inefficiency was also applied to the data. As seen from Figure 4.51 each sector’s
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tracking efficiency is different. This effect is due to dead wires in the DC and 
miscalibrated or malfunctioning scintillators in the TOF system. We see that Sector 
6 is the least efficient for proton detection, followed by Sector 2 and 3. Sectors 3, 
5, and 6 are the least efficient for detecting electrons. We used the average number 
of events detected in the best three sectors as the measure to normalize the actual 
total number of events detected in CLAS. The correction due to sector tracking 
inefficiency is:
-  S f a l  Nsi l » 26\
-  2 ,  (JVS1 +  N Si + Ns i ) ' [^ b>
where Nsi is the number of events detected within the boundaries of Sector i. We 
estimated that the correction due to the sector inefficiency is about 10%. The 
systematic error associated with this normalization factor is 2%.
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Results and Discussion
5.1 Inclusive d(e,e') Absolute Cross Sections
We extracted absolute cross sections for the inclusive d(e,e’) process in 2- 
dimensional kinematic bins with Q2 from 1.7 to 6.7 GeV2 and Bjorken scaling 
variable x  from 0.7 to 1.9. The bin size for Q2  was 0.05 GeV2 which is compa­
rable with the CLAS resolution, and the bin size for x is 0.02. Results are presented 
in Figs. 5.3 -  5.7 and tabulated in Appendix C. The cross sections are plotted versus 
x  and each histogram corresponds to a different Q2 bin. The solid bullets represent 
the absolute differential inclusive cross sections corrected for acceptance and radia­
tive effects (as described in Sections 4.2.2 and 4.3.4). The solid triangles shows the 
cross sections prior to acceptance and radiative corrections. The solid curves are 
calculations of the model described in Refs. [85,86].
Previous studies of inclusive lepton scattering represent a significant source of 
information about nuclear structure. Although the deep inelastic scattering (DIS) 
regime, which corresponds to large momentum transfer Q2 and large missing mass 
W,  is well studied, the intermediate kinematic region corresponding to Q2 «  few
178
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GeV2 and x > 1 offers an opportunity to improve our understanding of short- 
range correlations (SRC) in nuclei. SRCs appear as a consequence of overlapping 
of nucleonic wave functions in nucleon-nucleon (NN) interactions and they seem to 
contribute significantly to the high-momentum component of the nuclear wave func­
tion. Scattering dominated by SRCs can provide information about deeply bound 
nucleons. High-energy inclusive electron scattering A(e,e') provides a simple way to 
investigate SRCs. The main issue that these studies faced was selecting electron- 
SRC scattering events from a very large (several orders of magnitude) inelastic 
and/or quasi-elastic background. This problem was solved by selecting the kine­
matic region x  =  2 m 'n v  >  ^where contributions from inelastic scattering and meson 
exchange currents (at high Q2) were significantly reduced. Theoretical predictions 
from Refs. [90, 91] suggested that at momenta higher than the Fermi momentum 
PF, nucleon momentum distributions in light and heavier nuclei are similar. Based 
on these predictions a new technique was suggested by the authors of Refs. [92,93] 
that the ratios of A(e,e') cross sections for different nuclei, normalized by A, should 
scale, i.e., they should be independent of electron scattering variables, Q2 and x. 
Due to the dominance of SRCs in the high momentum component of the nuclear 
wave function and the assumption that the shape of the distribution is universal, 
it was suggested that the ratio between A + l and A (i.e. 3H e/2D, 4H e/2D) cross 
sections will be proportional to the SRC probability in NN interactions. Previous 
results from Jlab-Hall C [73, 78] concentrated on using the y scaling variable to 
deconvolute the nuclear wave function from the inclusive cross section. Although 
this technique leads to the extraction of momentum distributions in the nucleon, 
the extraction of SRC probabilities is affected by large uncertainties [94]. Data 
for deuterium from SLAC [78] and for heavier nuclei [95] were used in Ref. [93] 
to extract these ratios. The scaling behavior was confirmed at Q2 > 1 GeV2 and 
x > 1.5. The data sets were collected in different experimental environments, at
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different kinematics, and a complicated fitting procedure was performed to obtain 
these ratios at the same values of (Q2 ,x).  Since the cross sections varied strongly 
with angle, incident energy and Q2, a simplification of this interpolations was per­
formed by the authors [93]. They divided the experimental deuterium cross section 
by the theoretical calculation within the impulse approximation. This procedure 














0.8 1 1.2 1.4 1.6 1.8 2
FIG. 5.1: Cross section ratios of 4He (upper panel), 12C (middle panel) and 56Fe 
(lower panel) to 3He as a function of x b for Q2 > 1.4 GeV2. The scaling region 
(x > 1.5 were used to calculate the per-nucleon probabilities for 2-nucleon SRCs 
in nucleus A  relative to 3He. The plot is from Ref. [96].
behavior of these ratios and extraction of 2-nucleon and 3-nucleon SRC probabilities 
in nuclei were performed using CLAS data from Jlab, at 4.5 GeV beam energy (see 
Refs. [94,96]). They extracted ratios of 4He, 12C, and 56Fe to 3He cross sections 
per nucleon (as shown in Fig. 5.1), for 1 < x < 2. and Q2 > 0.65 GeV2. Using the
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scaling behavior of these ratios, they extracted the relative probability of nucleon- 
nucleon SRCs in various nuclei. The inclusive deuterium data presented here were 
collected under the same conditions using the same detector, except a higher beam 
energy. The inclusive d(e,e') absolute cross sections from this experiment (E94-019) 
can now be used instead of 3He as the normalization in extracting SRC probabilities 
for 4He, 12C, and 56Fe.
A parallel analysis presented in Ref. [97], which also extracted inclusive cross 
sections from the E6 data is in excellent agreement with our results. A point- 
by-point comparison of the two analyses shows an agreement within 10% with an 
average deviation of 4.5% for all kinematics. The two sets differ in event selection, 
acceptance calculations (different model simulations), radiative corrections, and bin­
ning. Figure 5.2 shows the cross section ratios for the two analyses as a function of 
Q2. The weighted average of all point is 1.0 ±0.013 indicating that the two analyses 
are consistent.
2
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FIG. 5.2: Ratio of cross sections from Ref. [97] and cross sections extracted in this 
analysis as a function of Q2.
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FIG. 5.3: Differential d(e,e') cross sections dQ2^x versus x  for Q2 = 1.75 -  2.9 
GeV2 before (triangles) and after (circles) acceptance and radiative corrections. 
The solid line is the model of Ref. [81].
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FIG. 5.4: Same as in Fig. 5.3 except for Q2 = 2.9 — 4.1 GeV2.
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FIG. 5.5: Same as in Fig. 5.3 except for for Q2 = 4.1 — 5.3 GeV2.



















































FIG. 5.6: Same as in Fig. 5.3 except for for Q2 = 5.3 — 6.5 GeV2.
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FIG. 5.7: Same as in Fig. 5.3 except for Q2 = 6.5 — 6.95 GeV2.
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5.2 Exclusive d(e,e'p)n Absolute Cross Sections
We extracted cross sections for the quasi-elastic exclusive d(e,e'p)n reaction for 
spectator proton momenta ps =  250 — 1000 MeV/c and Q2 =  2 — 6 GeV2. We present 
the data in several sets of one-dimensional histograms. The first set in Fig. 5.8 shows 
the cross section integrated over the full range of 9pq (0°-180°), <fipq (0°-360°) and 
rr(0-2) plotted as a function of ps (circles) for Q2 =  2.5, 3.5,4.5, and 5.5 GeV2. The 
second set in Figure 5.9 shows the cross section integrated over the full range of <j>pq 
and x , and ps =  0.250 — 1.0 GeV/c as a function of 6 pq for the same Q2 bins as in 
Fig. 5.8. The third set of histograms (Figure 5.10) shows cross sections as a function 
of x. The error bars for each data point are statistical only. The systematic errors 
are represented by the solid band at the bottom of each panel. Each experimental 
cross section is plotted with the theoretical calculations of Ref. [29]. Solid curves 
correspond to full calculations of the d(e,e'p)n scattering cross section including 
the plane-wave impulse approximation (PWIA), meson exchange (MEC), A-isobar 
currents (IC) and FSIs (PW IA+M EC+IC+FSI). Dot-dashed curves correspond to 
PWIA, and dashed curves include only the final state interactions (PWIA+FSI). 
Differential d(e,e'ps)n cross sections d3 a/dQ 2 dpsd9pq versus 9pq for Q2 = 2.5,3.5, 4.5, 
and 5.5 GeV2 and ps = 375,625, and 875 MeV/c are shown in Figs. 5.11 -  5.14. 
Differential cross section d3 a /dQ 2 dpsdx as a function of x  for the same kinematic 
bins are shown in Figs. 5.15 -  5.18. Figs. 5.19 -  5.25 shows differential cross sections 
d3 a / dQ2 dxdps plotted versus proton momentum ps for Q2 =  2.5, 3.5, 4.5, and 5.5 
GeV2) and x = 0.4, 0.6,0.8,1,1.2,1.4, and 1.6. Figs. 5.26 -  5.32 shows differential 
cross sections d3 a /dQ 2 dxd9pq as a function of 9pq for Q2  =  2.5, 3.5,4.5 and 5.5 GeV2 
and x  =  0.4,0.6, 0.8,1,1.2,1.4 and 1.6.
All of the above cross sections as well as the calculations of Ref [29] are only 
within E6 fiducial cuts whereas the cross sections presented in Appendix D are
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integrated over all phase space and p s =  [0.250 — 1}GeV/c .
The m odel from Ref. [29] (see Section 1.2.7) predicts a large contribution of  
A -isobar currents to the d(e,e'p)n reaction in the low Q 2 and low spectator m o­
m entum  region. This m eans that we have a fairly large probability for A -isobars 
to  propagate on-shell after being produced on one nucleon (by exchanging a virtual 
photon with high m om entum  transfer) and having a further interaction (exchanging  
7r and p  mesons) with the second nucleon through the A N  —¥ N N  channel. There 
are two kinem atic regions for d(e,e'p)n  reaction, one in which a low m om entum  
spectator proton recoils at large scattering angles while the fast m oving neutron is 
em itted forward, and the other in which the fast m oving struck proton is emerging  
in the forward direction w ith a spectator neutron recoiling at larger angles. Here we 
discuss only the first case, while the second case is the subject of another analysis 
done by the Yerevan Group [98]. In the calculations from Ref. [29] A  form ation  
and MEC am plitudes takes into account both 4> and p exchanges. Early predictions 
[18] supported the strong suppression of MEC and A -isobar currents (IC) w ith in­
creasing Q 2. However, the contributions of initial state  interactions (tt, p, A ) seem  
to  decrease w ith increasing Q 2 (as shown in Figs. 5.8 -  5.10) and are comparable in 
size to  the final state interactions. T he formation of a A -isobar strongly com petes 
w ith the re-scattering (i.e. FSI) between an on-shell proton and on-shell neutron. 
These calculations are supported by the experim ental results of this analysis to  a 
level of 10 to  15 %. As shown in Fig. 5.9 the proton m om entum  is alm ost per­
pendicular (9pq 70°) to the m om entum  transfer direction. At high values of the 
recoil proton m om entum  (ps =  500 M eV /c) the quasi-free contribution (PW IA) 
strongly decreases as the on-shell rescattering (M E C +FSI) takes over and dom i­
nates as shown in Figs. 5.19 -  5.25. At 9pq «  70° the on-shell rescattering (A N  or 
NN) is m axim ized. At low recoil m om entum  (ps =  200 M eV /c) theoretical predic­
tions [29] (see Fig.1.14) show a depletion due to on-shell nucleon rescattering that
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reduces the quasi-free contribution from unitarity (part of quasi-elastic channel is 
tranferred into inelastic ones). Due to geom etrical acceptance of CL AS and due to 
kinem atic restrictions im posed by the fiducial cuts we were able to  detect spectator 
proton w ith m om entum  as low as 250 M eV /c. The experim ental results presented 
here support the physical picture described by the calculations from Ref. [29]. In 
this picture the electron scatters on a neutron at rest, which propagates on-shell 
and rescatters on the proton which also is at rest (spectator). In the lab frame, the 
soft proton recoils at 90° w ith respect to the fast m oving neutron em itted in the  
forward direction. Two body kinem atics requires that the angle o f the rescattering  
peak (or dip in the case of low m om entum  spectator protons) m oves w ith  increasing 
the spectator (recoil) proton m om entum . T his picture is supported reasonably well 
by experim ental data. As shown in Figs. 5.11 -  5.14 the proton scattering angle 
9pq decreases to  lower values w ith  increasing spectator m om enta. The com peting  
rescattering effects (MEC, IC, and FSIs) in perpendicular kinem atics obstruct our 
ability to  isolate states with sm all coherent lengths, or electron-SRCs. This suggests 
that for determ ining the high m om entum  com ponents of the deuteron wave func­
tion, believed to  be dom inated by SRCs, quasi-elastic kinem atics are not well suited. 
Figure 1.18 shows the suppresion of on-shell rescattering for parallel or antiparallel 
kinem atics. A lthough perpendicular kinem atics offer a good starting point to study  
the evolution w ith  Q 2 of the in itial and final state nucleon-nucleon interactions in 
view of determ ining the structure of superdense m atter at short distances, parallel 
or antiparallel kinem atics are better-suited for obtaining a supression of on-shell 
nucleon rescattering.
We can point out several observations resulting from this study:
•  At kinem atics chosen here, PW IA  is typically  1 /3  to 1 /2  of the to ta l cross section.
•  FSI, MEC and A-nucleonic exited  states account for the rest o f ~  50 % of the
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tota l cross section.
•  L aget’s m odel [29] supports the fact that the A-nucleonic excitations, A  on-shell 
propagation through the nuclear m atter and A -decay are m ajor contributors to  
the d(e,e'p)n cross section at sm all Q 2.
•  Sargsian’s m odel [62] supports the idea of suppression of MEC and IC at large
Q 2-
All of the above observations mask the actual high m om entum  distribution of the  
deuteron which at large p s should have its origin in SRCs; these are not the right 
kinem atics to observe SRCs. Parallel or antiparallel kinem atics m ay be better suited.
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FIG. 5.8: Cross sections within the fiducial CLAS acceptance versus mom entum  
p s of the scattered proton (circles) for Q2 =  2 .5 ,3 .5 ,4 .5 , and 5.5 G eV2. The 
curves correspond to the model from Ref. [29]. Solid curves correspond to the  
full description o f d(e,e,p)n scattering am plitude (P W IA + M E C +IC + F SI). Dot- 
dashed curves correspond to the PW IA and dashed curves correspond to FSIs 
only (PW IA +FSI). System atic errors are represented by the solid area at the 
bottom of each plot.
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FIG. 5.9: Same as in Fig. 5.8 except with cross sections versus proton scattering  
angle with respect to the mom entum transfer direction 9pq.
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FIG. 5.10: Same as in Fig. 5.8 except w ith cross sections versus Bjorken scaling 
variable x.
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FIG. 5.11: Cross sections (circles) within the fiducial CLAS acceptance versus 6pq 
for p s =  375,625, and 875 M eV /c and Q2 =  2.5 GeV2. The curves correspond 
to the model from Ref. [29]. Solid curves correspond to the full description of 
d(e,e'p)n scattering amplitude (P W IA + M E C +IC + F SI). D ot-dashed curves cor­
respond to the PW IA and dashed curves correspond to FSIs only (PW IA +FSI). 
System atic errors are represented by the solid area at the bottom  of each plot.
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FIG . 5.12: Same as in Fig. 5.11 except for Q 2 =  3.5 GeV2.
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FIG. 5.13: Same as in Fig. 5.11 except for Q2 =  4.5 GeV2
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F IG . 5.14: Same as in Fig. 5.11 except for Q 2 =  5.5 GeV2.
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FIG. 5.15: Cross sections (circles) within the fiducial CLAS acceptance versus x for 
p s =  375,625, and 875 M eV /c and Q2 =  2.5 GeV2. T he curves correspond to the 
model from Ref. [29]. Solid curves correspond to the full description of d(e,e'p)n  
scattering amplitude (P W IA + M E C +IC + F SI). Dot-dashed curves correspond to  
the PW IA and dashed curves correspond to FSIs only (P W IA +F SI). Systematic 
errors are represented by the solid area at the bottom  o f each plot.
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FIG. 5.18: Same as in Fig. 5.15 except for Q 2 =  5.5 GeV2.
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FIG. 5.19: Cross sections w ithin the fiducial CL AS acceptance versus mom en­
tum  of the scattered proton (circles) for x  =  0.4 w ith Q2 =  2.5 and 3.5 G eV2. 
Solid curves correspond to full description o f d(e,e'p)n scattering am plitude 
within the fiducial CL AS acceptance (P W IA + M E C +IC + F SI) [29]. Dot-dashed  
curves correspond to the PW IA and dashed curves correspond to the FSIs only  
(PW IA +FSI). System atic errors are represented by the solid area at the bottom  
of each plot.
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FIG. 5.20: Same as in Fig. 5.19 except with cross sections for x =  0.6 and Q2 =
2.5,3.5 and 4.5 G eV2.












0.4 0.6 0.8 1 0.4 0.6 0.8 1
Ps (GeV/c) < ps (GeV/c)
s  x  1 0
x  1 0 0.35
0.8





0.8 1 0.4 0.6 0.80.4 0.6 1
ps (GeV/c) ps (GeV/c)
FIG. 5.21: Same as in Fig. 5.19 except with cross sections for x  =  0.8 and Q2 =
2 .5 ,3 .5 ,4 .5  and 5.5 G eV2.
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FIG. 5.22: Same as in Fig. 5.21 except with cross sections for x  =  1.0.
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FIG. 5.23: Same as in Fig. 5.21 except with cross sections for x  =  1.2.
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FIG. 5.24: Same as in Fig. 5.21 except with cross sections for x  =  1.4.
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FIG. 5.25: Same as in Fig. 5.21 except with cross sections for x  =  1.6.
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FIG. 5.26: Cross sections within the fiducial CLAS acceptance versus 9pq for 
x =  0.4 with Q2 =  2.5 and 3.5 GeV2. Solid curves correspond to full de­
scription of d(e,e/p)n scattering amplitude within the fiducial CLAS acceptance 
(PW IA+M EC+IC+FSI) [29]. Dot-dashed curves correspond to the PWIA and 
dashed curves correspond to FSIs only (PW IA+FSI). Systematic errors are rep­
resented by the solid area at the bottom of each plot.
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FIG. 5.27: Same as in Fig. 5.26 except with cross sections for x =  0.6 and Q2 =
2.5,3.5, and 4.5 GeV2.
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FIG. 5.28: Same as in Fig. 5.26 except w ith cross sections for x  =  0.8 and Q2 =
2 .5 ,3 .5 ,4 .5 , and 5.5 GeV2.
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FIG. 5.29: Same as in Fig. 5.28 except with cross sections for x =  1.0.
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FIG. 5.30: Same as in Fig. 5.28 except with cross sections for x =  1 .2 .
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FIG. 5.31: Same as in Fig. 5.28 except with cross sections for x =  1.4.
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FIG. 5.32: Same as in Fig. 5.28 except with cross sections for x  =  1.6.
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5.3 N uclear CT Signature Studies
Nuclei are in general stable system s, made up of quarks and gluons bound  
together by the strong force. However, the quarks and gluons are hidden, and nuclei 
seem  rather to be composed of hadrons bound together by exchanged mesons. The 
hadrons are identified with color singlet states and have strong interactions very 
different than that of gluon (strong force carriers) exchange by colored quarks. This 
contradiction between the fundam ental theory, quantum chrom odynam ics (QCD), 
and conventional nuclear physics could be resolved by observing nuclear m atter at 
very sm all distances. This can be achieved with high energy beam s at TJN AF. 
Electron scattering experim ents at high m om entum  transfer in which one or two 
nucleons are knocked out was suggested as a new m ethod of observation of exotic  
configurations such as color screening or nuclear color transparency (CT), called  
color coherent effects. In such a reaction, the struck nucleon m ust have a spatially  
sm all transverse size. A new m ethod [102] sensitive to  variation of FSIs with  
m om entum  transfer Q 2 was suggested as a signature for CT. B y com puting the ratio 
of cross sections in a region were the re-scattering effects (FSIs) are m axim ized, 
to  a region were they are suppressed (screening effects) in quasi-free kinem atics 
(x  =  2^ —; ~  1), we obtain a tool sensitive to re-scattering effects. In this experiment 
we were not able to detect spectator protons below the Fermi m om entum  (<  65 
M eV /c in the deuteron), where screening occurs. A  direct com parison between 
cross sections dom inated by re-scattering effects and the quasi-free cross section was 
not possible due to these kinem atic restrictions. However, we com puted the ratio 
of cross sections for two m om entum  ranges and for several kinem atic bins around 
the quasi-elastic peak. As suggested earlier, a signature o f color transparency will 
result in a strong dependence of this ratio on Q 2. In th is kinem atic regime where 
the m om entum  of the recoiling proton is largely transverse, the strong contribution
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of MEC and IC makes it difficult to  observe the dissapearence o f FSIs that would 
indicate production of a point-like constituent (PLC). Figs. 5.33 -  5.35 display the 
ratios o f the cross section for the m om entum  range p s =  500—900 M eV /c to the cross 
section for the m om entum  range p s =  250 — 500 M eV /c for several bins in x =  0 .8 ,1 .0  
and 1.2 and light-cone variable a s =  (E s — p s cos 9pq) / m p =  0 .8 ,1 .0  and 1.2. The 
ratio is nearly independent of Q 2, which indicates the absence of the signature 
of color coherent nucleonic states. This results in an inability to detect nucleonic 
PLCs under the kinem atic conditions in which the A-nucleon and nucleon-m eson re­
scattering am plitudes play a major role in d(e,e'p)n . The calculations from Ref. [29] 
support these findings. In Figs. 5.33 -  5.35 the solid curve corresponds to the ratio 
R  com puted using cross sections containing the full description of the d(e,e'p)n  
scattering am plitude (P W IA + M E C + IC ), dashed curve corresponds to plane wave 
im pulse approxim ation (PW IA) description and dot-dashed curve corresponds to 
the re-scattering am plitude (FSI). This observation suggests that in the range of Q 2 
up to 6 G eV2 the formation length lc (defined in Section 1.4) of sm all transverse 
m om entum  configurations is comparable to  the inter-nucleon distance and much 
smaller than the radius of deuteron. This explains the absence of a CT signal in 
this data set. Further studies using double scattering reaction in the regions o f high 
m om entum  transfer and parallel or antiparallel kinem atics could reveal CT which 
should exist as a natural consequence of Q CD.
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FIG. 5.33: Ratio (lower panel, circles) of cross sections for p s = 500 — 900 MeV/c 
and p s = 250 — 500 MeV/c versus Q2 for x = 0.8 (upper figure) and a = 0.8 (lower 
figure). The corresponding acceptances are shown in the upper panel of each fig­
ure. The curves correspond to calculations from Ref. [29]: PWIA+MEC+IC+FSI 
- solid curve, PWIA+FSI - dashed curve and PWIA - dot-dashed curve, respec­
tively.
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FIG. 5.34: Same as in Fig. 5.33 except for x =  1 (upper figure) and a = 1 (lower 
figure).
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FIG. 5.35: Same as in Fig. 5.33 except for x =  1.2 (upper figure) and a = 1.2 
(lower figure).
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5.4 Summary
Using the CEBAF Large Acceptance Spectrometer we collected data on the 
exclusive reaction d(e,e'ps)n with E beam = 5.764 GeV. Extensive simulations of the 
inclusive d(e,e') reaction using a Monte Carlo event generator based on calculations 
from Ref. [81] were performed in order to make acceptance calculations. The tech­
nique developed for the inclusive channel was also used to calculate acceptances for 
the exclusive channel d(e,e'p)n. The wide kinematic range allowed us to extract 
inclusive cross sections for d(e,e') for Q2 ranging from 1.7 to 6.7 GeV2 and with 
x  up to 1.9. Previous data from SLAC [78,80] and Jefferson Laboratory [73] did 
not cover much of this high-a; region. The experimental inclusive cross sections for 
d(e,e') support the theoretical calculations that include short-range correlations and 
described in Section 4.2.2. at a level of 5-10%. The measured inclusive d(e,e') cross 
sections are tabulated in Appendix C after having been corrected for radiative ef­
fects, acceptance and bin size. The graphical representation of these cross sections 
for each kinematic bin are presented in Figs. 5.3 - 5.7.
We tagged quasi-elastic scattered protons in almost perpendicular kinemat­
ics with respect to the momentum transfer direction, and studied the evolution 
of MEC, IC, and FSIs effects with Q2. To correct for the CLAS acceptance for 
d(e,e'ps)n events, we used a model based on fits to the experimental distributions 
of the scattered electron and the recoil proton. This model was constrained to re­
spect the kinematics imposed by energy and momentum conservation. The model is 
described in Section 4.2.3 and the parameterizations of electron and proton observ­
ables are given in Appendix F. We corrected for radiative effects and acceptance and 
finally extracted quasi-elastic exclusive d(e,e'ps)n cross sections integrated over full 
phase space for Q2 =  2.5, 3.5, 4.5 and 5.5 GeV2 and forps =  250 — 1000 MeV/c. The 
experimental cross sections are in fair agreement with calculations from Ref. [29] at
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a level of 10 — 15%, comparable with the uncertainty level of this analysis. They are 
tabulated in Appendix D. The d(e,e'ps)n cross sections within the fiducial CLAS 
acceptance are shown in Figs. 5.19 -  5.25 versus the recoil proton momentum ps 
and in Figs. 5.26 -  5.32 versus the proton scattering angle 0pq with respect to the 
momentum transfer direction. The theoretical predictions which are supported by 
these findings suggests a rather large probability of A-isobar on-shell rescattering 
overlapping with NN on-shell rescattering. In this picture, the observation of PLCs 
becomes difficult in the kinematics chosen in this analysis.
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A P P E N D IX  A
Feynman Diagram Rules in GEA
In this section we define the effective Feynman diagram rules, within the gen­
eralized eikonal approximation (GEA), for the knocked-out nucleon to undergo n 
re-scatterings off the (A-l) nucleons of the residual system. The diffractive excita­
tion of the nucleons into an intermediate state are systematically neglected, due to 
small contributions in this kinematic range (energies < 10 GeV). Figure A .l shows
F  k + lP!+q
IH-l
A-1n+2
FIG. A.l: N-fold re-scattering Feynman diagram.
the Feynman diagram for n-fold re-scattering, represented through the n vertex am­
plitude, in which each vertex corresponding to one NN scattering. The Feynman
223
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rules for calculating the diagram in Figure A .l are as following:
• For each vertex, the transitions between “nucleus A” and “A nucleons” , and 
between “(A-l) nucleons” and the “(.A- l)  nucleon final state” are represented 
respectively by r A(pi, ...,Pa) and r j ^ ,  ...,p'A).
•  F^m,M is assigned for the 7 *  N  interaction.
• For each NN interaction a vertex function F ^ N(p^+1,p'k+1) is assigned for which
u(P3)u(P4)FNNu( p i ) u( p2) = \ /s (s  -  4m ?fNN(p3,pi)6xt\> «  s f NN(p3,p1)5x,y ,
(A.l)
s is the total invariant energy of the two interacting nucleons with momenta p\ 
and p2
/ ' VW= ^ 1K(» +  a ) e '? (M- ’’l ) i , (A.2)
and a ™ , a  and B  are known experimentally from NN scattering data. The 
vertex functions are normalized by the 5-function of energy-momentum conser­
vation.
• Each nucleon in an intermediate state has a propagator D(p)~l = —(fi—m+ie)-1. 
The sign is chosen to simplify the calculation of the overall sign for the 
scattering amplitude.
• Combinatorics of n- scattering’s brings a factor of n\(A — n — 1)!, and spectator 
nucleons are accounted as (A — n — 1).
•  Each closed contour brings an additional factor with no additional sign.
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A P P E N D IX  B
A nalytic Calculation of Scattering
Am plitude
The calculation of re-scattering amplitude in Eq. 1.31 is based on the method 
described in Ref. [41], which uses the deuteron wave function in momentum space, 
defined in Ref. [99]:
VD{p) =  ( ^ (p )+ w { p ) \J ^ S { p z,pt) Sj  X", (B .l)
in which is the deuteron spin function and S(pz,pt) is defined by the Pauli 
matrices, ap, on\
C (  \  3 ( V p  ’ P ) ( ° n  ■ P )  -  / n
S\Pz-)Pt) — o ' ®n ‘ (^*2)p z
Here u(p) and w(p) are the radial S- and D- states wave functions, respectively. 
They can be written as [100,101]:
w{p) =  y  dT rrij 2-
3 * 3 3
in which JT  Cj = Yhjdj =  0. This guarantees that u(p) and w(p) ~  ^  at large p 
and Yhj ^  =  3 such that w(p = 0) =  0. By inserting Eqs. B l, B2 and B3 into the
225
u(p) = T  — 2> ® ( p )  =  T  ’ ( B - 3 )J A ^ p 2 +  m 2j Z ^ p 2 +  m .
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Eq. 1.31 we obtain:
=
( 2 i r ) 3 ^ E ^  f  d2p'st 
(2vr)2/ f pn(h)  ■ j~.7 * N
X
(L;
i 2 / I 2 \ /  Q ^ i P s z i P s t )  ) /s +  m' ps +  rrij v c ' ^
X*
Pi* -  pS2 +  A +  ie
-.(B .4)
(pi* +  i- \ ]m j+ p 'k )  (p'sz -  i \ / m 'j+p?t)  and integratingSubstituting p'2 +  m 2 — . ^ sz ,
over p'sz by closing the contour in the upper p'sz complex semi-plane we obtain: 




2 i J p f t +  m 2
X
* \Jp'st +  m ) -  Psz +  A
(B.5)
2*y !p'st +  m 2
After regrouping of the real and imaginary parts, the above equation can be rewrit­
ten as:
A? = ( 27 r )  3 y fe E s  f  (Ptfs
2 ./ (2?A2/ k$ ri-k,) ■ irArtp.) - *<//"&)), (b.6)
in which ps(Psz,Ps±) =  Ps(Psz — A , p st — kt), t/A is the wave function defined in Eq.Bl 
and xp,fi is defined as:
</*"» =  ( <*i(p)p, +  ' A ^ S ( p „ Pt) +  ^ [ S f c . p , )  -  S (o ,p , ) ] )  x “ - (B.7)v*8 V s P
Here ui(p), Wi(p), and u ^ p ) are defined as:
M p) =
Y  (p2 + m 2) y j $  +
Wl (P) = Y ^
m.
w2{p) = ^ 2
dj
(p2 +  mj) yjp\ +  m)
(B.8)
~ t  m 2 y j p 2t A m 2
We note that the last term in Eq. B7 does not have a singularity at p z = 0 since 
(S{pz,pt) -  *5(0,pt)) ~ p z.
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A P P E N D IX  C
Inclusive d (e,e/) Cross Sections
Tabulated below are the experimental measured inclusive d(e,e') cross sections 
plotted in Section 5.1 (Figs. 5.3 -  5.7) for Q2 =  1.7 — 7 GeV2 and x =  0.7 — 1.9. 
The results presented here have been corrected for radiative effects, acceptance, and 
bin size. The statistical and systematic errors associated with these corrections 
are included. The correction factor for radiative effects R.C. corresponding to each 
kinematic bin is given in the last column of each table.
227
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2 2 8
Q2 X da/dQ2dx R.C.
G eV 2 /tb /G e V 2









































































1.49 0 .194E-03±0.620E-04±0.935E-05 0.715
1.51 0.862E-04±0.450E-04±0.416E-05 0.715
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2 2 9
1.77 0.146E-04±0.760E-05±0.703E-06 0.714 0.73 0.904E-02±0.937E-04±0.440E-03 0.859
1.79 0.465E-05±0.420E-05±0.225E-06 0.714 0.75 0.805E-02±0.879E-04±0.392E-03 0.848
1.81 0.876E-05±0.560E-05±0.423E-06 0.714 0.77 0.730E-02±0.844E-04±0.356E-03 0.841
1.83 0.836E-05±0.534E-05±0.404E-06 0.714 0.79 0.616E-02±0.771E-04±0.300E-03 0.843
1.85 0.429E-05±0.388E-05±0.207E-06 0.714 0.81 0.467E-02±0.655E-04±0.228E-03 0.857
1.89 0.717E-05±0.458E-05±0.346E-06 0.714 0.83 0.388E-02±0.589E-04±0.189E-03 0.874
1.925 0.71 0.130E-01±0.131E-03±0.632E-03 0.870 0.85 0.316E-02±0.508E-04±0.154E-03 0.897
0.73 0.101E-01±0.107E-03±0.492E-03 0.856 0.87 0.297E-02±0.485E-04±0.144E-03 0.911
0.75 0.904E-02±0.101E-03±0.441E-03 0.845 0.89 0.313E-02±0.512E-04±0.152E-03 0.904
0.77 0.769E-02±0.932E-04±0.375E-03 0.840 0.91 0.356E-02±0.569E-04±0.173E-03 0.864
0.79 0.646E-02±0.856E-04±0.315E-03 0.845 0.93 0.466E-02±0.705E-04±0.227E-03 0.826
0.81 0.490E-02±0.725E-04±0.239E-03 0.858 0.95 0.595E-02±0.879E-04±0.290E-03 0.781
0.83 0.395E-02±0.635E-04±0.193E-03 0.878 0.97 0.715E-02±0.106E-03±0.348E-03 0.735
0.85 0.317E-02±0.544E-04±0.155E-03 0.903 0.99 0.798E-02±0.117E-03±0.389E-03 0.718
0.87 0.316E-02±0.546E-04±0.154E-03 0.915 1.01 0.725E-02±0.112E-03±0.353E-03 0.718
0.89 0.335E-02±0.587E-04±0.163E-03 0.897 1.03 0.638E-02±0.104E-03±0.310E-03 0.717
0.91 0.391E-02±0.667E-04±0.191E-03 0.863 1.05 0.481E-02±0.893E-04±0.234E-03 0.717
0.93 0.484E-02=t0.794E-04±0.236E-03 0.827 1.07 0.376E-02±0.782E-04±0.183E-03 0.717
0.95 0.668E-02±0.104E-03±0.326E-03 0.778 1.09 0.268E-02±0.639E-04±0.130E-03 0.717
0.97 0.810E-02±0.124E-03±0.395E-03 0.735 1.11 0.191E-02±0.528E-04±0.928E-04 0.717
0.99 0.897E-02±0.140E-03±0.438E-03 0.718 1.13 0.140E-02±0.448E-04±0.681E-04 0.717
1.01 0.864E-02±0.139E-03±0.422E-03 0.717 1.15 0.100E-02±0.368E-04±0.488E-04 0.717
1.03 0.707E-02±0.124E-03±0.345E-03 0.717 1.17 0.777E-03±0.329E-04±0.379E-04 0.716
1.05 0.564E-02±0.110E-03±0.275E-03 0.717 1.19 0.562E-03±0.279E-04±0.274E-04 0.716
1.07 0.402E-02±0.890E-04±0.196E-03 0.717 1.21 0.438E-03±0.242E-04±0.213E-04 0.716
1.09 0.308E-02±0.767E-04±0.150E-03 0.717 1.23 0.305E-03±0.205E-04±0.148E-04 0.716
1.11 0.201E-02±0.596E-04±0.980E-04 0.717 1.25 0.285E-03±0.195E-04±0.139E-04 0.716
1.13 0.167E-02±0.546E-04±0.816E-04 0.717 1.27 0.241E-03±0.187E-04±0.117E-04 0.716
1.15 0.121E-02±0.456E-04±0.591E-04 0.717 1.29 0.159E-03±0.143E-04±0.776E-05 0.716
1.17 0.950E-03±0.400E-04±0.464E-04 0.716 1.31 0.135E-03±0.135E-04±0.656E-05 0.716
1.19 0.756E-03±0.349E-04±0.369E-04 0.716 1.33 0.117E-03±0.124E-04±0.572E-05 0.716
1.21 0.514E-03±0.287E-04±0.251E-04 0.716 1.35 0.123E-03±0.134E-04±0.600E-05 0.716
1.23 0.462E-03±0.276E-04±0.225E-04 0.716 1.37 0.764E-04±0.104E-04±0.372E-05 0.715
1.25 0.347E-03±0.229E-04±0.169E-04 0.716 1.39 0.691E-04±0.930E-05±0.336E-05 0.715
1.27 0.248E-03±0.201E-04±0.121E-04 0.716 1.41 0.531E-04±0.862E-05±0.259E-05 0.715
1.29 0.245E-03±0.198E-04±0.119E-04 0.716 1.43 0.332E-04±0.654E-05±0.161E-05 0.715
1.31 0.165E-03±0.153E-04±0.804E-05 0.716 1.45 0.374E-04±0.738E-05±0.182E-05 0.715
1.33 0.161E-03±0.168E-04±0.787E-05 0.716 1.47 0.458E-04±0.768E-05±0.223E-05 0.715
1.35 0.123E-03±0.137E-04±0.599E-05 0.716 1.49 0.329E-04±0.648E-05±0.160E-05 0.715
1.37 0.119E-03±0.140E-04±0.581E-05 0.715 1.51 0.297E-04±0.616E-05±0.145E-05 0.715
1.39 0.683E-04±0.952E-05±0.333E-05 0.715 1.53 0.455E-04d=0.807E-05±0.222E-05 0.715
1.41 0.870E-04±0.126E-04±0.425E-05 0.715 1.55 0.328E-04±0.699E-05±0.160E-05 0.715
1.43 0.505E-04±0.807E-05±0.247E-05 0.715 1.57 0.197E-04±0.514E-05±0.960E-06 0.715
1.45 0.445E-04±0.788E-05±0.217E-05 0.715 1.59 0.235E-04±0.588E-05±0.114E-05 0.715
1.47 0.324E-04±0.671E-05±0.158E-05 0.715 1.61 0.184E-04±0.481E-05±0.898E-06 0.715
1.49 0.234E-04±0.585E-05±0.114E-05 0.715 1.63 0.185E-04±0.505E-05±0.903E-06 0.715
1.51 0.484E-04±0.827E-05±0.236E-05 0.715 1.65 0.151E-04±0.456E-05±0.738E-06 0.715
1.53 0.333E-04±0.708E-05±0.162E-05 0.715 1.67 0.110E-04±0.404E-05±0.534E-06 0.714
1.55 0.138E-04±0.416E-05±0.675E-06 0.715 1.69 0.169E-04±0.510E-05±0.825E-06 0.714
1.57 0.269E-04±0.589E-05±0.131E-05 0.715 1.71 0.794E-05±0.359E-05±0.387E-06 0.714
1.59 0.191E-04±0.499E-05±0.934E-06 0.715 1.73 0.760E-05±0.280E-05±0.370E-06 0.714
1.61 0 .141E-04±0.368E-05±0.689E-06 0.715 1.75 0.977E-05±0.312E-05d=0.476E-06 0.714
1.63 0.102E-04±0.376E-05±0.497E-06 0.715 1.77 0.633E-05±0.286E-05±0.308E-06 0.714
1.65 0.126E-04±0.508E-05±0.614E-06 0.715 1.79 0.791E-05±0.292E-05±0.385E-06 0.714
1.67 0.148E-04±0.445E-05±0.722E-06 0.715 1.81 0.728E-05±0.294E-05±0.355E-06 0.714
1.69 0.186E-04±0.687E-05±0.908E-06 0.714 1.83 0.488E-05±0.221E-05±0.238E-06 0.714
1.71 0.544E-05±0.284E-05±0.266E-06 0.714 1.85 0.346E-05±0.180E-05±0.169E-06 0.714
1.73 0.555E-05±0.289E-05±0.271E-06 0.714 1.87 0.319E-05±0.167E-05±0.156E-06 0.714
1.75 0.804E-05±0.363E-05±0.392E-06 0.714 1.89 0.372E-05±0.194E-05±0.181E-06 0.714
1.77 0.188E-05±0.170E-05±0.919E-07 0.714 1.91 0.132E-05±0.119E-05±0.642E-07 0.714
1.79 0.378E-05±0.242E-05±0.185E-06 0.714 1.93 0.620E-05±0.250E-05±0.302E-06 0.714
1.81 0.933E-05±0.377E-05±0.455E-06 0.714 2.025 0.71 0.108E-01±0.103E-03±0.527E-03 0.874
1.83 0.187E-05±0.169E-05±0.911E-07 0.714 0.73 0.826E-02±0.829E-04±0.404E-03 0.862
1.87 0.187E-05±0.169E-05±0.913E-07 0.714 0.75 0.782E-02±0.822E-04±0.383E-03 0.850
1.975 0.71 0.115E-01±0.114E-03±0.559E-03 0.872 0.77 0.697E-02±0.776E-04±0.341E-03 0.842
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0.79 0.563E-02±0.700E-04±0.275E-03 0.843 0.89 0.264E-02±0.418E-04±0.130E-03 0.902
0.81 0.469E-02±0.631E-04±0.229E-03 0.852 0.91 0.306E-02±0.470E-04±0.151E-03 0.869
0.83 0.363E-02±0.537E-04±0.178E-03 0.871 0.93 0.376E-02±0.560E-04±0.185E-03 0.834
0.85 0.304E-02±0.468E-04±0.149E-03 0.891 0.95 0.509E-02±0.722E-04±0.251E-03 0.781
0.87 0.279E-02±0.451E-04±0.136E-03 0.904 0.97 0.644E-02±0.887E-04±0.317E-03 0.740
0.89 0.291E-02±0.464E-04±0.142E-03 0.898 0.99 0.693E-02±0.971E-04±0.342E-03 0.718
0.91 0.343E-02±0.531E-04±0.168E-03 0.865 1.01 0.663E-02±0.959E-04±0.327E-03 0.718
0.93 0.458E-02±0.669E-04±0.224E-03 0.825 1.03 0.504E-02±0.816E-04±0.248E-03 0.718
0.95 0.561E-02±0.797E-04±0.275E-03 0.786 1.05 0.398E-02±0.702E-04±0.196E-03 0.717
0.97 0.725E-02±0.998E-04±0.355E-03 0.736 1.07 0.273E-02±0.568E-04±0.135E-03 0.717
0.99 0.773E-02±0.108E-03±0.378E-03 0.718 1.09 0.193E-02±0.461E-04±0.953E-04 0.717
1.01 0.655E-02±0.988E-04±0.320E-03 0.718 1.11 0.133E-02±0.372E-04±0.656E-04 0.717
1.03 0.580E-02±0.935E-04±0.283E-03 0.717 1.13 0.102E-02±0.325E-04±0.503E-04 0.717
1.05 0.461E-02±0.809E-04±0.225E-03 0.717 1.15 0.745E-03±0.276E-04±0.367E-04 0.717
1.07 0.317E-02±0.645E-04±0.155E-03 0.717 1.17 0.563E-03±0.233E-04±0.277E-04 0.717
1.09 0.233E-02±0.547E-04±0.114E-03 0.717 1.19 0.403E-03±0.194E-04±0.199E-04 0.716
1.11 0.157E-02±0.430E-04±0.769E-04 0.717 1.21 0.306E-03±0.181E-04±0.151E-04 0.716
1.13 0 .122E-02±0.376E-04±0.594E-04 0.717 1.23 0.223E-03±0.140E-04±0.110E-04 0.716
1.15 0.981E-03±0.346E-04±0.480E-04 0.717 1.25 0.173E-03±0.122E-04±0.853E-05 0.716
1.17 0.740E-03±0.302E-04±0.362E-04 0.716 1.27 0.173E-03±0.127E-04±0.851E-05 0.716
1.19 0.601E-03±0.271E-04±0.294E-04 0.716 1.29 0.112E-03±0.921E-05±0.551E-05 0.716
1.21 0.415E-03±0.220E-04=t0.203E-04 0.716 1.31 0.110E-03±0.102E-04±0.543E-05 0.716
1.23 0.303E-03±0.182E-04±0.148E-04 0.716 1.33 0.884E-04±0.857E-05±0.436E-05 0.716
1.25 0.255E-03±0.167E-04±0.125E-04 0.716 1.35 0.546E-04±0.671E-05±0.269E-05 0.716
1.27 0.191E-03±0.144E-04±0.933E-05 0.716 1.37 0.423E-04±0.558E-05±0.209E-05 0.716
1.29 0.173E-03±0.147E-04±0.847E-05 0.716 1.39 0.409E-04±0.585E-05±0.202E-05 0.715
1.31 0.113E-03±0.110E-04±0.551E-05 0.716 1.41 0.301E-04±0.459E-05±0.148E-05 0.715
1.33 0.117E-03±0.114E-04±0.573E-05 0.716 1.43 0.454E-04±0.605E-05±0.224E-05 0.715
1.35 0.101E-03±0.109E-04±0.493E-05 0.716 1.45 0.466E-04±0.657E-05±0.230E-05 0.715
1.37 0.924E-04±0.105E-04±0.452E-05 0.715 1.47 0.264E-04±0.477E-05±0.130E-05 0.715
1.39 0.814E-04±0.983E-05±0.398E-05 0.715 1.49 0.304E-04±0.494E-05±0.150E-05 0.715
1.41 0.429E-04±0.637E-05±0.210E-05 0.715 1.51 0.207E-04±0.442E-05±0.102E-05 0.715
1.43 0.404E-04±0.678E-05±0.198E-05 0.715 1.53 0.232E-04±0.411E-05±0.114E-05 0.715
1.45 0.372E-04±0.686E-05±0.182E-05 0.715 1.55 0.172E-04±0.400E-05±0.846E-06 0.715
1.47 0.298E-04±0.561E-05±0.146E-05 0.715 1.57 0.171E-04±0.375E-05±0.843E-06 0.715
1.49 0.388E-04±0.700E-05±0.189E-05 0.715 1.59 0.115E-04±0.346E-05±0.566E-06 0.715
1.51 0.274E-04±0.568E-05±0.134E-05 0.715 1.61 0.173E-04±0.432E-05±0.851E-06 0.715
1.53 0.188E-04±0.470E-05±0.917E-06 0.715 1.63 0.117E-04±0.401E-05±0.579E-06 0.715
1.55 0.308E-04±0.695E-05±0.150E-05 0.715 1.65 0.115E-04±0.393E-05±0.567E-06 0.715
1.57 0.137E-04±0.436E-05±0.668E-06 0.715 1.67 0.109E-04±0.402E-05±0.538E-06 0.714
1.59 0.208E-04±0.566E-05±0.102E-05 0.715 1.69 0.986E-05±0.364E-05±0.486E-06 0.714
1.61 0.118E-04=t0.434E-05±0.575E-06 0.715 1.71 0.135E-04±0.431E-05±0.665E-06 0.714
1.63 0.104E-04±0.354E-05±0.507E-06 0.715 1.73 0.113E-04±0.385E-05±0.556E-06 0.714
1.65 0.121E-04±0.386E-05±0.590E-06 0.715 1.75 0.179E-04±0.488E-05±0.883E-06 0.714
1.67 0.941E-05±0.380E-05±0.460E-06 0.714 1.77 0.101E-04±0.373E-05±0.499E-06 0.714
1.69 0.152E-04±0.486E-05±0.744E-06 0.714 1.79 0.161E-05±0.146E-05±0.795E-07 0.714
1.71 0.776E-05±0.313E-05±0.379E-06 0.714 1.81 0.977E-05±0.360E-05±0.482E-06 0.714
1.73 0.803E-05±0.363E-05±0.393E-06 0.714 2.125 0.71 0.900E-02±0.855E-04±0.447E-03 0.877
1.75 0.122E-04±0.451E-05±0.598E-06 0.714 0.73 0.693E-02±0.683E-04±0.344E-03 0.867
1.77 0.108E-04±0.398E-05±0.527E-06 0.714 0.75 0.668E-02±0.685E-04±0.332E-03 0.855
1.79 0.166E-05±0.150E-05±0.812E-07 0.714 0.77 0.587E-02±0.642E-04±0.292E-03 0.846
1.81 0.408E-05±0.261E-05±0.200E-06 0.714 0.79 0.503E-02±0.590E-04±0.250E-03 0.842
1.83 0.539E-05±0.281E-05±0.264E-06 0.714 0.81 0.414E-02±0.537E-04±0.206E-03 0.849
1.85 0.498E-05±0.260E-05±0.244E-06 0.714 0.83 0.349E-02=t0.481E-04±0.174E-03 0.863
1.87 0.816E-05±0.369E-05±0.399E-06 0.714 0.85 0.285E-02±0.431E-04±0.142E-03 0.884
1.91 0.166E-05±0.150E-05±0.812E-07 0.714 0.87 0.259E-02±0.403E-04rt0.128E-03 0.896
2.075 0.71 0.996E-02±0.946E-04±0.491E-03 0.876 0.89 0.249E-02±0.392E-04±0.124E-03 0.897
0.73 0.766E-02=b0.759E-04±0.378E-03 0.864 0.91 0.275E-02±0.427E-04±0.137E-03 0.875
0.75 0.709E-02±0.732E-04±0.349E-03 0.853 0.93 0.353E-02±0.519E-04±0.176E-03 0.836
0.77 0.634E-02±0.701E-04±0.313E-03 0.843 0.95 0.478E-02±0.670E-04±0.238E-03 0.787
0.79 0.537E-02±0.648E-04±0.265E-03 0.843 0.97 0.586E-02±0.810E-04±0.291E-03 0.739
0.81 0.430E-02±0.566E-04±0.212E-03 0.851 0.99 0.632E-02±0.876E-04±0.314E-03 0.718
0.83 0.347E-02±0.501E-04±0.171E-03 0.867 1.01 0.562E-02±0.826E-04±0.279E-03 0.718
0.85 0.290E-02±0.441E-04±0.143E-03 0.889 1.03 0.492E-02±0.773E-04±0.245E-03 0.718
0.87 0.263E-02±0.418E-04±0.130E-03 0.898 1.05 0.391E-02±0.681E-04±0.195E-03 0.717
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1.07 0.271E-02±0.541E-04±0.134E-03 0.717 1.25 0.197E-03±0.125E-04±0.991E-05 0.716
1.09 0.193E-02±0.443E-04±0.962E-04 0.717 1.27 0.138E-03±0.101E-04±0.691E-05 0.716
1.11 0 .137E-02±0.360E-04±0.682E-04 0.717 1.29 0.129E-03±0.108E-04±0.649E-05 0.716
1.13 0.105E-02±0.320E-04±0.522E-04 0.717 1.31 0.944E-04±0.861E-05±0.474E-05 0.716
1.15 0.714E-03±0.255E-04±0.355E-04 0.717 1.33 0.923E-04±0.864E-05±0.463E-05 0.716
1.17 0.520E-03±0.219E-04±0.259E-04 0.717 1.35 0.556E-04±0.653E-05rt0.279E-05 0.716
1.19 0.410E-03±0.187E-04±0.204E-04 0.716 1.37 0.481E-04±0.603E-05±0.242E-05 0.716
1.21 0.308E-03±0.162E-04±0.153E-04 0.716 1.39 0.449E-04±0.562E-05±0.225E-05 0.715
1.23 0.252E-03±0.147E-04±0.125E-04 0.716 1.41 0.281E-04±0.456E-05±0.141E-05 0.715
1.25 0.168E-03±0.118E-04±0.833E-05 0.716 1.43 0.352E-04±0.516E-05±0.177E-05 0.715
1.27 0.148E-03±0.109E-04±0.735E-05 0.716 1.45 0.287E-04±0.458E-05±0.144E-05 0.715
1.29 0.119E-03±0.983E-05±0.590E-05 0.716 1.47 0.163E-04±0.347E-05±0.819E-06 0.715
1.31 0.103E-03±0.944E-05±0.514E-05 0.716 1.49 0.890E-05±0.242E-05±0.447E-06 0.715
1.33 0.785E-04±0.831E-05±0.390E-05 0.716 1.51 0.127E-04±0.296E-05±0.637E-06 0.715
1.35 0.537E-04rt0.637E-05±0.267E-05 0.716 1.53 0.136E-04±0.328E-05±0.682E-06 0.715
1.37 0.546E-04±0.653E-05±0.271E-05 0.716 1.55 0.986E-05±0.269E-05±0.495E-06 0.715
1.39 0.347E-04±0.473E-05±0.173E-05 0.715 1.57 0.164E-04±0.359E-05±0.823E-06 0.715
1.41 0.361E-04±0.503E-05±0.179E-05 0.715 1.59 0.152E-04±0.332E-05±0.761E-06 0.715
1.43 0.375E-04±0.550E-05±0.186E-05 0.715 1.61 0.691E-05±0.221E-05±0.347E-06 0.715
1.45 0.289E-04d=0.477E-05±0.144E-05 0.715 1.63 0.683E-05±0.233E-05±0.343E-06 0.715
1.47 0.217E-04±0.392E-05±0.108E-05 0.715 1.65 0.359E-05±0.162E-05±0.180E-06 0.715
1.49 0.276E-04±0.490E-05±0.137E-05 0.715 1.67 0.508E-05±0.187E-05±0.255E-06 0.714
1.51 0.214E-04±0.404E-05±0.107E-05 0.715 1.69 0.181E-05±0.116E-05±0.911E-07 0.714
1.53 0.199E-04±0.384E-05±0.991E-06 0.715 1.71 0.432E-05±0.175E-05±0.217E-06 0.714
1.55 0.135E-04±0.351E-05±0.669E-06 0.715 1.73 0.879E-05±0.265E-05±0.441E-06 0.714
1.57 0.162E-04±0.377E-05±0.803E-06 0.715 1.75 0.269E-05±0.140E-05±0.135E-06 0.714
1.59 0.124E-04±0.300E-05±0.617E-06 0.715 1.77 0.339E-05±0.153E-05±0.170E-06 0.714
1.61 0.138E-04±0.323E-05±0.687E-06 0.715 1.79 0.454E-05±0.183E-05±0.228E-06 0.714
1.63 0.143E-04±0.344E-05±0.708E-06 0.715 2.225 0.71 0.742E-02±0.745E-04±0.375E-03 0.880
1.65 0.106E-04±0.287E-05±0.525E-06 0.715 0.73 0.572E-02±0.580E-04±0.289E-03 0.871
1.67 0.110E-04±0.287E-05±0.547E-06 0.714 0.75 0.540E-02±0.566E-04±0.273E-03 0.860
1.69 0.572E-05±0.211E-05±0.284E-06 0.714 0.77 0.506E-02±0.560E-04±0.256E-03 0.849
1.71 0.722E-05±0.231E-05±0.359E-06 0.714 0.79 0.431E-02±0.515E-04±0.218E-03 0.844
1.73 0.628E-05±0.215E-05±0.312E-06 0.714 0.81 0.364E-02±0.472E-04±0.184E-03 0.847
1.75 0.573E-05±0.211E-05±0.285E-06 0.714 0.83 0.291E-02±0.415E-04±0.147E-03 0.858
1.77 0.361E-05±0.163E-05±0.179E-06 0.714 0.85 0.240E-02±0.363E-04±0.121E-03 0.875
1.79 0.718E-05±0.229E-05±0.357E-06 0.714 0.87 0.211E-02±0.334E-04±0.107E-03 0.891
1.81 0.286E-05±0.149E-05±0.142E-06 0.714 0.89 0.196E-02±0.322E-04±0.992E-04 0.896
2.175 0.71 0.821E-02±0.784E-04±0.412E-03 0.879 0.91 0.224E-02±0.354E-04±0.113E-03 0.873
0.73 0.636E-02±0.632E-04±0.319E-03 0.870 0.93 0.291E-02±0.433E-04±0.147E-03 0.835
0.75 0.577E-02±0.602E-04±0.290E-03 0.858 0.95 0.376E-02±0.531E-04±0.190E-03 0.791
0.77 0.541E-02±0.596E-04±0.272E-03 0.847 0.97 0.473E-02±0.657E-04±0.239E-03 0.742
0.79 0.480E-02±0.561E-04±0.241E-03 0.843 0.99 0.521E-02±0.724E-04±0.264E-03 0.718
0.81 0.392E-02±0.501E-04±0.197E-03 0.846 1.01 0.471E-02±0.691E-04±0.238E-03 0.718
0.83 0.318E-02±0.445E-04±0.160E-03 0.860 1.03 0.382E-02±0.600E-04±0.193E-03 0.718
0.85 0.270E-02±0.401E-04±0.135E-03 0.879 1.05 0.319E-02±0.545E-04±0.161E-03 0.718
0.87 0.229E-02±0.356E-04±0.115E-03 0.894 1.07 0.222E-02=t0.436E-04±0.112E-03 0.718
0.89 0.224E-02±0.356E -04±0.113E-03 0.896 1.09 0.156E-02±0.357E-04±0.790E-04 0.717
0.91 0.249E-02±0.388E-04±0.125E-03 0.874 1.11 0.112E-02±0.295E-04±0.567E-04 0.717
0.93 0.318E-02±0.468E-04±0.159E-03 0.829 1.13 0.799E-03±0.247E-04±0.404E-04 0.717
0.95 0.398E-02±0.577E-04±0.200E-03 0.789 1.15 0.579E-03±0.205E-04±0.293E-04 0.717
0.97 0.528E-02±0.725E-04±0.265E-03 0.743 1.17 0.431E-03±0.179E-04±0.218E-04 0.717
0.99 0.524E-02±0.737E-04±0.263E-03 0.718 1.19 0.314E-03±0.155E-04±0.159E-04 0.717
1.01 0.517E-02±0.738E-04±0.260E-03 0.718 1.21 0.239E-03±0.133E-04±0.121E-04 0.717
1.03 0.424E-02±0.674E-04±0.213E-03 0.718 1.23 0.213E-03±0.135E-04±0.108E-04 0.716
1.05 0.328E-02±0.577E-04±0.165E-03 0.718 1.25 0.170E-03±0.111E-04±0.860E-05 0.716
1.07 0.233E-02±0.474E-04±0.117E-03 0.717 1.27 0.132E-03±0.977E-05±0.668E-05 0.716
1.09 0.160E-02±0.392E-04±0.805E-04 0.717 1.29 0.102E-03±0.841E-05±0.516E-05 0.716
1.11 0.119E-02±0.332E-04±0.596E-04 0.717 1.31 0.861E-04±0.755E-05±0.436E-05 0.716
1.13 0.919E-03±0.283E-04±0.461E-04 0.717 1.33 0.681E-04±0.684E-05±0.345E-05 0.716
1.15 0.617E-03±0.227E-04±0.310E-04 0.717 1.35 0.634E-04±0.684E-05±0.321E-05 0.716
1.17 0.504E-03±0.208E-04±0.253E-04 0.717 1.37 0.543E-04±0.639E-05±0.275E-05 0.716
1.19 0.358E-03±0.172E-04±0.180E-04 0.717 1.39 0.348E-04±0.492E-05±0.176E-05 0.716
1.21 0.293E-03±0.158E-04±0.147E-04 0.716 1.41 0.335E-04±0.498E-05±0.170E-05 0.715
1.23 0.208E-03±0.129E-04±0.104E-04 0.716 1.43 0.282E-04±0.430E-05±0.143E-05 0.715
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1.45 0.289E-04±0.477E-05±0.146E-05 0.715 1.61 0.600E-05±0.181E-05±0.306E-06 0.715
1.47 0.264E-04±0.443E-05±0.134E-05 0.715 1.63 0.476E-05±0.163E-05±0.243E-06 0.715
1.49 0.137E-04±0.311E-05±0.696E-06 0.715 1.65 0.523E-05±0.179E-05±0.267E-06 0.715
1.51 0.197E-04±0.370E-05±0.995E-06 0.715 1.67 0.279E-05±0.126E-05±0.143E-06 0.715
1.53 0.196E-04±0.378E-05±0.993E-06 0.715 1.69 0.582E-05±0.186E-05±0.298E-06 0.714
1.55 0.117E-04±0.283E-05±0.594E-06 0.715 1.71 0.568E-05±0.181E-05±0.290E-06 0.714
1.57 0.127E-04±0.318E-05±0.642E-06 0.715 1.73 0.400E-05±0.148E-05±0.204E-06 0.714
1.59 0.493E-05±0.257E-05±0.249E-06 0.715 1.75 0.476E-05±0.163E-05±0.243E-06 0.714
1.61 0.425E-05±0.172E-05±0.215E-06 0.715 1.77 0.667E-06±0.602E-06±0.341E-07 0.714
1.63 0.917E-05±0.262E-05±0.464E-06 0.715 1.79 0.340E-05±0.137E-05±0.174E-06 0.714
1.65 0.590E-05±0.201E-05±0.298E-06 0.715 1.81 0.667E-06±0.603E-06±0.341E-07 0.714
1.67 0.346E-05±0.156E-05±0.175E-06 0.714 2.325 0.71 0.651E-02±0.694E-04±0.336E-03 0.879
1.69 0.605E-05±0.207E-05±0.306E-06 0.714 0.73 0.484E-02±0.540E-04±0.250E-03 0.873
1.71 0.419E-05±0.169E-05±0.212E-06 0.714 0.75 0.456E-02±0.533E-04±0.236E-03 0.863
1.73 0.488E-05±0.197E-05±0.247E-06 0.714 0.77 0.415E-02±0.514E-04±0.214E-03 0.853
1.75 0.917E-06±0.829E-06±0.464E-07 0.714 0.79 0.374E-02±0.489E-04±0.193E-03 0.846
1.77 0.596E-05±0.204E-05±0.302E-06 0.714 0.81 0.334E-02±0.466E-04±0.172E-03 0.845
1.79 0.367E-05±0.166E-05±0.186E-06 0.714 0.83 0.267E-02±0.397E-04±0.138E-03 0.856
1.81 0.253E-05±0.132E-05±0.128E-06 0.714 0.85 0.212E-02±0.338E-04±0.109E-03 0.869
1.83 0.260E-05±0.135E-05±0.131E-06 0.714 0.87 0 .183E-02±0.296E-04±0.943E-04 0.886
2.275 0.71 0.700E-02±0.744E-04±0.358E-03 0.880 0.89 0.175E-02±0.288E-04±0.901E-04 0.895
0.73 0.527E-02±0.581E-04±0.269E-03 0.873 0.91 0.203E-02±0.320E-04±0.105E-03 0.871
0.75 0.490E-02±0.553E-04±0.250E-03 0.862 0.93 0.243E-02±0.370E-04±0.125E-03 0.842
0.77 0.468E-02±0.535E-04±0.239E-03 0.852 0.95 0.315E-02±0.460E-04±0.162E-03 0.792
0.79 0.407E-02±0.493E-04±0.208E-03 0.844 0.97 0.376E-02±0.537E-04±0.194E-03 0.746
0.81 0.350E-02±0.453E-04±0.179E-03 0.847 0.99 0.400E-02±0.586E-04±0.206E-03 0.719
0.83 0.284E-02±0.400E-04±0.145E-03 0.856 1.01 0.374E-02±0.578E-04±0.193E-03 0.718
0.85 0 .231E -02±0 .350E -04±0.118E-03 0.875 1.03 0.311E-02±0.512E-04=L0.161E-03 0.718
0.87 0.201E-02±0.318E-04±0.103E-03 0.891 1.05 0.232E-02±0.433E-04±0.120E-03 0.718
0.89 0.193E-02±0.309E-04±0.988E-04 0.888 1.07 0 .180E-02±0.373E-04±0.927E-04 0.718
0.91 0.217E-02±0.342E-04±0.111E-03 0.875 1.09 0.118E-02±0.295E-04±0.607E-04 0.718
0.93 0.251E-02±0.391E-04±0.128E-03 0.838 1.11 0.916E-03±0.255E-04±0.473E-04 0.717
0.95 0.325E-02±0.480E-04±0.166E-03 0.788 1.13 0.578E-03±0.200E-04±0.298E-04 0.717
0.97 0.408E-02±0.586E-04±0.208E-03 0.745 1.15 0.450E-03±0.174E-04±0.232E-04 0.717
0.99 0.427E-02±0.622E-04±0.218E-03 0.718 1.17 0.316E-03±0.143E-04±0.163E-04 0.717
1.01 0.412E-02±0.619E-04±0.210E-03 0.718 1.19 0.277E-03±0.139E-04±0.143E-04 0.717
1.03 0.335E-02±0.548E-04±0.171E-03 0.718 1.21 0.217E-03±0.121E-04±0.112E-04 0.717
1.05 0.262E-02±0.473E-04±0.134E-03 0.718 1.23 0.166E-03±0.101E-04±0.858E-05 0.717
1.07 0.190E-02±0.392E-04±0.971E-04 0.718 1.25 0 .141E-03±0.986E-05±0.728E-05 0.716
1.09 0.134E-02±0.323E-04±0.683E-04 0.718 1.27 0.929E-04±0.815E-05±0.479E-05 0.716
1.11 0.987E-03±0.270E-04±0.504E-04 0.717 1.29 0.789E-04±0.747E-05±0.407E-05 0.716
1.13 0.739E-03±0.235E-04±0.378E-04 0.717 1.31 0.621E-04±0.623E-05±0.320E-05 0.716
1.15 0.582E-03±0.213E-04±0.298E-04 0.717 1.33 0.583E-04±0.608E-05±0.301E-05 0.716
1.17 0.411E-03±0.171E-04±0.210E-04 0.717 1.35 0.458E-04±0.549E-05±0.237E-05 0.716
1.19 0.321E-03±0.151E-04±0.164E-04 0.717 1.37 0.389E-04±0.497E-05±0.201E-05 0.716
1.21 0.234E-03±0.125E-04±0.120E-04 0.717 1.39 0.302E-04±0.437E-05±0.156E-05 0.716
1.23 0.185E-03±0.109E-04±0.947E-05 0.716 1.41 0.271E-04±0.408E-05±0.140E-05 0.716
1.25 0.158E-03±0.102E-04±0.809E-05 0.716 1.43 0.252E-04±0.409E-05±0.130E-05 0.715
1.27 0.116E-03±0.870E-05±0.593E-05 0.716 1.45 0.138E-04±0.303E-05±0.713E-06 0.715
1.29 0.959E-04±0.787E-05±0.490E-05 0.716 1.47 0.240E-04±0.403E-05±0.124E-05 0.715
1.31 0.754E-04±0.677E-05±0.385E-05 0.716 1.49 0.133E-04±0.269E-05±0.687E-06 0.715
1.33 0.459E-04±0.531E-05±0.235E-05 0.716 1.51 0 .146E-04±0.302E-05±0.753E-06 0.715
1.35 0.583E-04±0.629E-05±0.298E-05 0.716 1.53 0.154E-04±0.304E-05±0.795E-06 0.715
1.37 0.445E-04±0.542E-05±0.227E-05 0.716 1.55 0.105E-04±0.262E-05±0.540E-06 0.715
1.39 0.421E-04±0.543E-05±0.215E-05 0.716 1.57 0.560E-05±0.179E-05±0.289E-06 0.715
1.41 0.273E-04±0.390E-05±0.139E-05 0.716 1.59 0.601E-05±0.192E-05±0.310E-06 0.715
1.43 0.238E-04±0.368E-05±0.122E-05 0.715 1.61 0.590E-05±0.188E-05±0.304E-06 0.715
1.45 0.231E-04±0.382E-05±0.118E-05 0.715 1.63 0.661E-05±0.199E-05±0.341E-06 0.715
1.47 0.222E-04±0.372E-05±0.113E-05 0.715 1.65 0.806E-05±0.230E-05±0.416E-06 0.715
1.49 0.120E-04±0.264E-05±0.616E-06 0.715 1.67 0.280E-05±0.127E-05±0.145E-06 0.715
1.51 0 .163E-04±0.307E-05±0.833E-06 0.715 1.69 0.526E-05±0.180E-05±0.271E-06 0.714
1.53 0.149E-04±0.302E-05±0.764E-06 0.715 1.71 0.295E-05±0.133E-05±0.152E-06 0.714
1.55 0.153E-04±0.295E-05±0.784E-06 0.715 1.73 0.441E-05±0.163E-05±0.227E-06 0.714
1.57 0.109E-04±0.255E-05±0.558E-06 0.715 1.75 0.161E-05±0.103E-05±0.832E-07 0.714
1.59 0.851E-05±0.222E-05±0.435E-06 0.715 1.77 0.350E-05±0.142E-05±0.181E-06 0.714
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
2 3 3
1.79 0.301E-05±0.136E-05±0.155E-06 0.714 0.87 0.162E-02±0.294E-04±0.851E-04 0.883
1.81 0.148E-05±0.943E-06±0.762E-07 0.714 0.89 0.153E-02±0.279E-04±0.802E-04 0.894
2.375 0.71 0.560E-02±0.673E-04±0.292E-03 0.880 0.91 0 .154E-02±0.285E-04±0.807E-04 0.876
0.73 0.429E-02±0.528E-04±0.223E-03 0.875 0.93 0.204E-02±0.352E-04±0.107E-03 0.833
0.75 0.401E-02±0.495E-04±0.209E-03 0.865 0.95 0.257E-02±0.426E-04±0.135E-03 0.791
0.77 0.385E-02±0.485E-04±0.200E-03 0.855 0.97 0.299E-02±0.488E-04±0.157E-03 0.748
0.79 0.351E-02±0.462E-04±0.183E-03 0.847 0.99 0.343E-02±0.546E-04±0.180E-03 0.719
0.81 0.321E-02±0.451E-04±0.167E-03 0.846 1.01 0.318E-02±0.526E-04±0.167E-03 0.719
0.83 0.256E-02±0.395E-04±0.133E-03 0.853 1.03 0.246E-02±0.441E-04±0.129E-03 0.719
0.85 0.211E-02±0.354E-04±0.110E-03 0.870 1.05 0.177E-02±0.359E-04±0.929E-04 0.718
0.87 0.172E-02±0.307E-04±0.894E-04 0.882 1.07 0.127E-02±0.295E-04±0.665E-04 0.718
0.89 0.167E-02±0.298E-04±0.870E-04 0.886 1.09 0.918E-03±0.244E-04±0.482E-04 0.718
0.91 0.183E-02±0.311E-04±0.956E-04 0.868 1.11 0.697E-03±0.212E-04±0.366E-04 0.718
0.93 0.219E-02±0.349E-04±0.114E-03 0.840 1.13 0.468E-03±0.164E-04±0.246E-04 0.718
0.95 0.282E-02±0.418E-04±0.147E-03 0.799 1.15 0.369E-03±0.152E-04±0.194E-04 0.717
0.97 0.348E-02±0.505E-04±0.181E-03 0.747 1.17 0.245E-03±0.119E-04±0.129E-04 0.717
0.99 0.373E-02±0.552E-04±0.194E-03 0.719 1.19 0.189E-03±0.102E-04±0.992E-05 0.717
1.01 0.335E-02±0.525E-04±0.175E-03 0.719 1.21 0.147E-03±0.901E-05±0.773E-05 0.717
1.03 0.269E-02±0.460E-04±0.140E-03 0.718 1.23 0.122E-03±0.830E-05±0.640E-05 0.717
1.05 0.205E-02±0.389E-04±0.107E-03 0.718 1.25 0.827E-04±0.653E-05±0.434E-05 0.717
1.07 0.152E-02±0.330E-04±0.792E-04 0.718 1.27 0.794E-04±0.660E-05±0.417E-05 0.717
1.09 0.106E-02±0.265E-04±0.552E-04 0.718 1.29 0.606E-04±0.581E-05±0.318E-05 0.716
1.11 0.838E-03±0.240E-04±0.437E-04 0.718 1.31 0.648E-04±0.624E-05±0.340E-05 0.716
1.13 0.533E-03±0.186E-04±0.278E-04 0.717 1.33 0.456E-04±0.532E-05±0.239E-05 0.716
1.15 0.495E-03±0.184E-04±0.258E-04 0.717 1.35 0.384E-04±0.482E-05±0.202E-05 0.716
1.17 0.316E-03±0.143E-04±0.164E-04 0.717 1.37 0.312E-04±0.470E-05±0.164E-05 0.716
1.19 0.234E-03±0.119E-04±0.122E-04 0.717 1.39 0.358E-04±0.483E-05±0.188E-05 0.716
1.21 0.175E-03±0.107E-04±0.912E-05 0.717 1.41 0.328E-04±0.475E-05±0.172E-05 0.716
1.23 0.158E-03±0.103E-04±0.824E-05 0.717 1.43 0.209E-04±0.371E-05±0.110E-05 0.716
1.25 0.114E-03±0.847E-05±0.592E-05 0.717 1.45 0.192E-04±0.339E-05±0.101E-05 0.716
1.27 0.821E-04±0.666E-05±0.428E-05 0.716 1.47 0.118E-04±0.286E-05±0.622E-06 0.715
1.29 0.881E-04±0.743E-05±0.459E-05 0.716 1.49 0.131E-04±0.295E-05±0.686E-06 0.715
1.31 0.764E-04±0.664E-05±0.398E-05 0.716 1.51 0.777E-05=t0.234E-05±0.408E-06 0.715
1.33 0.449E-04±0.519E-05±0.234E-05 0.716 1.53 0.817E-05±0.233E-05±0.429E-06 0.715
1.35 0.347E-04±0.435E-05±0.181E-05 0.716 1.55 0.855E-05±0.244E-05±0.449E-06 0.715
1.37 0.394E-04±0.489E-05±0.205E-05 0.716 1.57 0.995E-05±0.260E-05±0.522E-06 0.715
1.39 0.286E-04±0.436E-05±0.149E-05 0.716 1.59 0.798E-05±0.228E-05±0.419E-06 0.715
1.41 0.271E-04±0.414E-05±0.141E-05 0.716 1.61 0.926E-05±0.252E-05±0.486E-06 0.715
1.43 0.263E-04±0.396E-05±0.137E-05 0.716 1.63 0.967E-05±0.252E-05=t0.507E-06 0.715
1.45 0.130E-04±0.270E-05±0.678E-06 0.715 1.65 0.590E-05±0.188E-05±0.310E-06 0.715
1.47 0.133E-04±0.291E-05±0.693E-06 0.715 1.67 0.339E-05±0.153E-05±0.178E-06 0.715
1.49 0.142E-04±0.288E-05±0.741E-06 0.715 1.69 0.327E-05±0.148E-05±0.172E-06 0.715
1.51 0.954E-05d=0.239E-05±0.497E-06 0.715 1.71 0.259E-05±0.135E-05±0.136E-06 0.714
1.53 0.141E-04±0.309E-05±0.734E-06 0.715 1.73 0.564E-05=k0.193E-05±0.296E-06 0.714
1.55 0.115E-04±0.269E-05±0.600E-06 0.715 1.75 0.738E-06±0.667E-06±0.387E-07 0.714
1.57 0.815E-05±0.222E-05±0.424E-06 0.715 1.77 0.339E-05±0.153E-05±0.178E-06 0.714
1.59 0.688E-05±0.207E-05±0.358E-06 0.715 1.79 0.245E-05±0.128E-05±0.129E-06 0.714
1.61 0.754E-05±0.205E-05±0.393E-06 0.715 2.475 0.71 0.536E-02±0.659E-04±0.284E-03 0.878
1.63 0.704E-05±0.212E-05±0.367E-06 0.715 0.73 0.412E-02±0.527E-04±0.218E-03 0.876
1.65 0.427E-05±0.158E-05±0.223E-06 0.715 0.75 0.348E-02±0.482E-04±0.185E-03 0.869
1.67 0.441E-05±0.163E-05±0.230E-06 0.715 0.77 0.346E-02±0.488E-04±0.183E-03 0.859
1.69 0.332E-05±0.150E-05±0.173E-06 0.715 0.79 0.313E-02±0.469E-04±0.166E-03 0.850
1.71 0.307E-05±0.139E-05±0.160E-06 0.714 0.81 0.278E-02±0.443E-04±0.147E-03 0.846
1.73 0.445E-05±0.164E-05±0.232E-06 0.714 0.83 0.214E-02±0.378E-04±0.113E-03 0.851
1.75 0.306E-05±0.138E-05±0.159E-06 0.714 0.85 0.181E-02±0.340E-04±0.957E-04 0.862
1.77 0.294E-05±0.133E-05±0.153E-06 0.714 0.87 0.153E-02±0.305E-04±0.812E-04 0.879
1.79 0.166E-05±0.106E-05±0.865E-07 0.714 0.89 0.136E-02±0.273E-04±0.721E-04 0.884
2.425 0.71 0.545E-02±0.669E-04±0.286E-03 0.879 0.91 0.142E-02±0.284E-04±0.755E-04 0.875
0.73 0.421E-02±0.539E-04±0.221E-03 0.875 0.93 0.164E-02±0.318E-04±0.869E-04 0.846
0.75 0.386E-02±0.514E-04±0.203E-03 0.867 0.95 0.214E-02±0.384E-04±0.114E-03 0.799
0.77 0.367E-02±0.511E-04±0.193E-03 0.857 0.97 0.270E-02±0.465E-04±0.143E-03 0.751
0.79 0.329E-02±0.476E-04±0.173E-03 0.848 0.99 0.297E-02±0.506E-04±0.157E-03 0.719
0.81 0.276E-02±0.422E-04±0.145E-03 0.846 1.01 0.290E-02±0.515E-04±0.154E-03 0.719
0.83 0.227E-02±0.370E-04±0.119E-03 0.851 1.03 0.216E-02±0.426E-04±0.114E-03 0.719
0.85 0.185E-02±0.325E-04±0.974E-04 0.865 1.05 0.174E-02±0.384E-04±0.924E-04 0.719
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1.07 0.115E-02±0.294E-04±0.610E-04 0.718 1.27 0.631E-04±0.618E-05±0.338E-05 0.717
1.09 0.870E-03±0.248E-04±0.461E-04 0.718 1.29 0.494E-04±0.519E-05±0.265E-05 0.717
1.11 0.602E-03±0.207E-04±0.319E-04 0.718 1.31 0.474E-04±0.501E-05±0.254E-05 0.717
1.13 0.402E-03±0.160E-04±0.213E-04 0.718 1.33 0.261E-04±0.368E-05±0.140E-05 0.716
1.15 0.303E-03±0.134E-04±0.160E-04 0.718 1.35 0.354E-04±0.466E-05±0.190E-05 0.716
1.17 0.193E-03±0.103E-04±0.102E-04 0.717 1.37 0.249E-04±0.370E-05±0.134E-05 0.716
1.19 0.167E-03±0.960E-05±0.884E-05 0.717 1.39 0.206E-04±0.310E-05±0.110E-05 0.716
1.21 0.138E-03±0.844E-05±0.733E-05 0.717 1.41 0.193E-04±0.324E-05±0.103E-05 0.716
1.23 0.116E-03±0.792E-05±0.613E-05 0.717 1.43 0 .149E-04±0.293E-05±0.797E-06 0.716
1.25 0.100E-03±0.741E-05=fc0.533E-05 0.717 1.45 0.166E-04±0.312E-05±0.888E-06 0.716
1.27 0.651E-04±0.594E-05±0.345E-05 0.717 1.47 0 .209E -04±0.357E -05±0.112E-05 0.716
1.29 0.561E-04±0.560E-05±0.297E-05 0.717 1.49 0.132E-04±0.273E-05±0.706E-06 0.716
1.31 0.547E-04±0.563E-05±0.290E-05 0.716 1.51 0.750E-05±0.204E-05±0.402E-06 0.715
1.33 0.452E-04±0.502E-05±0.239E-05 0.716 1.53 0.718E-05±0.205E-05±0.385E-06 0.715
1.35 0.327E-04±0.414E-05±0.173E-05 0.716 1.55 0.883E-05±0.221E-05±0.474E-06 , 0.715
1.37 0.268E-04±0.397E-05±0.142E-05 0.716 1.57 0.674E-05±0.193E-05±0.361E-06 0.715
1.39 0.240E-04±0.362E-05±0.127E-05 0.716 1.59 0.229E-05±0.103E-05±0.123E-06 0.715
1.41 0.266E-04±0.376E-05±0.141E-05 0.716 1.61 0.266E-05±0.120E-05±0.143E-06 0.715
1.43 0.235E-04±0.359E-05±0.124E-05 0.716 1.63 0.567E-05±0.181E-05±0.304E-06 0.715
1.45 0.144E-04±0.271E-05±0.762E-06 0.716 1.65 0.144E-05±0.922E-06±0.773E-07 0.715
1.47 0.151E-04±0.298E-05±0.802E-06 0.716 1.67 0.299E-05±0.135E-05±0.160E-06 0.715
1.49 0.852E-05±0.213E-05±0.451E-06 0.715 1.69 0.347E-05±0.140E-05±0.186E-06 0.715
1.51 0.594E-05±0.179E-05±0.315E-06 0.715 1.71 0.273E-05±0.123E-05±0.146E-06 0.715
1.53 0.876E-05±0.220E-05±0.464E-06 0.715 1.73 0.355E-05±0.143E-05±0.190E-06 0.715
1.55 0.597E-05±0.180E-05±0.316E-06 0.715 2.575 0.71 0.482E-02±0.600E-04±0.261E-03 0.877
1.57 0.507E-05±0.173E-05±0.269E-06 0.715 0.73 0.345E-02±0.459E-04±0.187E-03 0.876
1.59 0.268E-05±0.121E-05±0.142E-06 0.715 0.75 0.316E-02±0.433E-04±0.171E-03 0.870
1.61 0.455E-05±0.155E-05±0.241E-06 0.715 0.77 0.291E-02±0.429E-04±0.158E-03 0.862
1.63 0.403E-05±0.149E-05±0.214E-06 0.715 0.79 0.273E-02±0.422E-04±0.148E-03 0.853
1.65 0.125E-05±0.800E-06±0.664E-07 0.715 0.81 0.246E-02±0.405E-04±0.133E-03 0.848
1.67 0.216E-05±0.113E-05±0.115E-06 0.715 0.83 0.212E-02±0.380E-04±0.115E-03 0.849
1.69 0.656E-05±0.187E-05±0.348E-06 0.715 0.85 0.162E-02±0.319E-04±0.879E-04 0.861
1.71 0.132E-05±0.845E-06±0.701E-07 0.715 0.87 0.131E-02±0.282E-04±0.709E-04 0.873
1.73 0.336E-05±0.136E-05±0.178E-06 0.714 0.89 0.119E-02±0.260E-04±0.646E-04 0.886
1.75 0.125E-05±0.800E-06±0.664E-07 0.714 0.91 0.135E-02±0.285E-04±0.730E-04 0.878
1.77 0.361E-05±0.146E-05±0.191E-06 0.714 0.93 0.143E-02±0.307E-04±0.775E-04 0.845
1.79 0.131E-05±0.838E-06±0.696E-07 0.714 0.95 0.199E-02±0.386E-04±0.108E-03 0.797
2.525 0.71 0.508E-02±0.628E-04±0.272E-03 0.878 0.97 0.236E-02±0.455E-04±0.128E-03 0.754
0.73 0.381E-02±0.495E-04±0.204E-03 0.876 0.99 0.274E-02±0.530E-04±0.148E-03 0.720
0.75 0.339E-02±0.465E-04±0.182E-03 0.870 1.01 0.236E-02±0.487E-04±0.128E-03 0.719
0.77 0.309E-02±0.454E-04±0.166E-03 0.860 1.03 0.205E-02±0.444E-04±0.111E-03 0.719
0.79 0.300E-02±0.455E-04±0.161E-03 0.851 1.05 0.154E-02±0.374E-04±0.834E-04 0.719
0.81 0.257E-02±0.420E-04±0.137E-03 0.846 1.07 0.996E-03±0.288E-04±0.540E-04 0.719
0.83 0.217E-02±0.385E-04±0.116E-03 0.850 1.09 0.775E-03±0.249E-04±0.420E-04 0.718
0.85 0.168E-02±0.328E-04±0.901E-04 0.861 1.11 0.555E-03±0.214E-04±0.301E-04 0.718
0.87 0.150E-02±0.305E-04±0.806E-04 0.876 1.13 0.350E-03±0.165E-04±0.190E-04 0.718
0.89 0.137E-02±0.289E-04±0.735E-04 0.882 1.15 0.240E-03±0.129E-04±0.130E-04 0.718
0.91 0.139E-02±0.289E-04±0.743E-04 0.876 1.17 0.161E-03±0.107E-04±0.872E-05 0.718
0.93 0.169E-02±0.339E-04±0.906E-04 0.844 1.19 0.152E-03±0.103E-04±0.826E-05 0.718
0.95 0.191E-02±0.377E-04±0.102E-03 0.795 1.21 0.124E-03±0.952E-05±0.673E-05 0.717
0.97 0.233E-02±0.451E-04±0.125E-03 0.748 1.23 0.110E-03±0.861E-05±0.596E-05 0.717
0.99 0.274E-02±0.508E-04±0.147E-03 0.719 1.25 0.564E-04±0.584E-05±0.306E-05 0.717
1.01 0.239E-02±0.465E-04±0.128E-03 0.719 1.27 0.460E-04±0.536E-05±0.249E-05 0.717
1.03 0.189E-02±0.406E-04±0.101E-03 0.719 1.29 0.546E-04±0.582E-05±0.296E-05 0.717
1.05 0.148E-02±0.354E-04±0.795E-04 0.719 1.31 0.469E-04±0.562E-05±0.254E-05 0.717
1.07 0.102E-02±0.277E-04±0.547E-04 0.718 1.33 0.366E-04±0.498E-05±0.198E-05 0.717
1.09 0.736E-03±0.231E-04±0.394E-04 0.718 1.35 0.201E-04±0.356E-05±0.109E-05 0.716
1.11 0.495E-03±0.185E-04±0.265E-04 0.718 1.37 0.400E-04±0.602E-05±0.217E-05 0.716
1.13 0.400E-03±0.168E-04±0.214E-04 0.718 1.39 0.183E-04±0.345E-05±0.993E-06 0.716
1.15 0.330E-03±0.156E-04±0.177E-04 0.718 1.41 0.101E-04±0.228E-05±0.548E-06 0.716
1.17 0.224E-03±0.122E-04±0.120E-04 0.718 1.43 0 .128E-04±0.280E-05±0.694E-06 0.716
1.19 0.171E-03±0.107E-04±0.917E-05 0.717 1.45 0.105E-04±0.253E-05±0.569E-06 0.716
1.21 0.132E-03±0.943E-05±0.710E-05 0.717 1.47 0.146E-04±0.302E-05±0.790E-06 0.716
1.23 0.120E-03±0.898E-05±0.644E-05 0.717 1.49 0.398E-05±0.161E-05±0.216E-06 0.716
1.25 0.629E-04±0.620E-05±0.337E-05 0.717 1.51 0.592E-05±0.178E-05±0.321E-06 0.716
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1.53 0.961E-05±0.251E-05±0.521E-06 0.715 0.93 0.131E-02±0.285E-04±0.726E-04 0.845
1.55 0.619E-05±0.186E-05±0.336E-06 0.715 0.95 0.162E-02±0.341E-04±0.899E-04 0.801
1.57 0.913E-05±0.229E-05±0.495E-06 0.715 0.97 0.205E-02±0.415E-04±0.114E-03 0.756
1.59 0.468E-05±0.160E-05±0.254E-06 0.715 0.99 0.208E-02±0.433E-04±0.115E-03 0.720
1.61 0.527E-05±0.168E-05±0.285E-06 0.715 1.01 0.196E-02±0.422E-04±0.109E-03 0.720
1.63 0.350E-05±0.141E-05±0.190E-06 0.715 1.03 0.162E-02±0.386E-04±0.899E-04 0.720
1.65 0.413E-05±0.152E-05±0.224E-06 0.715 1.05 0.114E-02±0.317E-04±0.634E-04 0.719
1.67 0.562E-05±0.180E-05±0.305E-06 0.715 1.07 0.816E-03±0.265E-04±0.453E-04 0.719
1.69 0.134E-05±0.855E-06±0.725E-07 0.715 1.09 0.593E-03±0.221E-04±0.329E-04 0.719
1.71 0.395E-05±0.146E-05±0.214E-06 0.715 1.11 0.376E-03±0.172E-04±0.209E-04 0.719
2.625 0.71 0.476E-02±0.579E-04±0.261E-03 0.876 1.13 0.250E-03±0.135E-04±0.139E-04 0.718
0.73 0.339E-02±0.441E-04±0.186E-03 0.875 1.15 0.242E-03±0.141E-04±0.134E-04 0.718
0.75 0.301E-02±0.421E-04±0.165E-03 0.871 1.17 0.157E-03±0.105E-04±0.874E-05 0.718
0.77 0.273E-02±0.401E-04±0.149E-03 0.863 1.19 0.128E-03±0.926E-05±0.713E-05 0.718
0.79 0.262E-02±0.403E-04±0.143E-03 0.854 1.21 0.914E-04±0.770E-05±0.507E-05 0.718
0.81 0.225E-02±0.375E-04±0.123E-03 0.848 1.23 0.720E-04±0.682E-05±0.399E-05 0.718
0.83 0.195E-02±0.350E-04±0.107E-03 0.849 1.25 0.744E-04±0.676E-05±0.413E-05 0.717
0.85 0.156E-02±0.310E-04±0.855E-04 0.858 1.27 0.620E-04±0.647E-05±0.344E-05 0.717
0.87 0.130E-02±0.277E-04±0.710E-04 0.872 1.29 0.459E-04±0.560E-05±0.255E-05 0.717
0.89 0.115E-02±0.252E-04±0.629E-04 0.884 1.31 0.385E-04±0.507E-05±0.214E-05 0.717
0.91 0 .120E-02±0.261E-04±0.659E-04 0.878 1.33 0.319E-04±0.474E-05±0.177E-05 0.717
0.93 0.132E-02±0.282E-04±0.724E-04 0.848 1.35 0.304E-04±0.445E-05±0.169E-05 0.717
0.95 0.171E-02±0.349E-04±0.939E-04 0.806 1.37 0.259E-04±0.390E-05±0.144E-05 0.717
0.97 0.208E-02±0.420E-04±0.114E-03 0.753 1.39 0.175E-04±0.344E-05±0.970E-06 0.716
0.99 0.229E-02±0.462E-04±0.125E-03 0.720 1.41 0.549E-05±0.188E-05±0.305E-06 0.716
1.01 0.214E-02±0.455E-04±0.117E-03 0.720 1.43 0.951E-05±0.248E-05±0.528E-06 0.716
1.03 0.179E-02±0.417E-04±0.982E-04 0.719 1.45 0.124E-04±0.281E-05±0.691E-06 0.716
1.05 0.128E-02±0.336E-04±0.702E-04 0.719 1.47 0.742E-05±0.223E-05±0.412E-06 0.716
1.07 0.976E-03±0.294E-04±0.535E-04 0.719 1.49 0.156E-04±0.314E-05±0.863E-06 0.716
1.09 0.720E-03±0.245E-04±0.394E-04 0.719 1.51 0.314E-05±0.142E-05±0.174E-06 0.716
1.11 0.450E-03±0.185E-04±0.247E-04 0.718 1.53 0.317E-05±0.143E-05±0.176E-06 0.716
1.13 0.413E-03±0.183E-04±0.226E-04 0.718 1.55 0.389E-05±0.157E-05±0.216E-06 0.716
1.15 0.257E-03±0.133E-04±0.141E-04 0.718 1.57 0.107E-04±0.269E-05±0.595E-06 0.715
1.17 0.213E-03±0.122E-04±0.117E-04 0.718 2.725 0.71 0.420E-02±0.476E-04±0.235E-03 0.875
1.19 0.180E-03±0.116E-04±0.986E-05 0.718 0.73 0.304E-02±0.367E-04±0.170E-03 0.875
1.21 0.117E-03±0.990E-05±0.641E-05 0.718 0.75 0.265E-02±0.343E-04±0.148E-03 0.872
1.23 0.107E-03±0.961E-05±0.589E-05 0.717 0.77 0.244E-02±0.337E-04±0.136E-03 0.865
1.25 0.790E-04±0.728E-05±0.433E-05 0.717 0.79 0.222E-02±0.336E-04=b0.125E-03 0.857
1.27 0.403E-04±0.470E-05±0.221E-05 0.717 0.81 0.217E-02±0.351E-04±0.121E-03 0.850
1.29 0.369E-04±0.496E-05±0.202E-05 0.717 0.83 0.175E-02±0.324E-04±0.982E-04 0.849
1.31 0.519E-04±0.723E-05±0.284E-05 0.717 0.85 0.140E-02±0.281E-04±0.783E-04 0.856
1.33 0.277E-04±0.443E-05±0.152E-05 0.717 0.87 0.113E-02±0.245E-04±0.635E-04 0.868
1.35 0.286E-04±0.443E-05±0.157E-05 0.717 0.89 0.105E-02±0.236E-04±0.588E-04 0.879
1.37 0.186E-04±0.367E-05±0.102E-05 0.716 0.91 0.978E-03±0.221E-04±0.547E-04 0.873
1.39 0.192E-04±0.369E-05±0.105E-05 0.716 0.93 0.118E-02±0.260E-04±0.661E-04 0.851
1.41 0.176E-04±0.424E-05±0.963E-06 0.716 0.95 0.150E-02±0.323E-04±0.841E-04 0.806
1.43 0.124E-04±0.312E-05±0.682E-06 0.716 0.97 0.183E-02±0.377E-04±0.102E-03 0.754
1.45 0.739E-05±0.252E-05±0.405E-06 0.716 0.99 0.202E-02±0.424E-04±0.113E-03 0.720
1.47 0.164E-04±0.349E-05±0.898E-06 0.716 1.01 0.187E-02±0.408E-04±0.105E-03 0.720
1.49 0.592E-05±0.218E-05±0.324E-06 0.716 1.03 0.148E-02±0.360E-04±0.827E-04 0.720
1.51 0.969E-05±0.277E-05±0.531E-06 0.716 1.05 0.110E-02±0.307E-04±0.618E-04 0.720
1.53 0.958E-05±0.274E-05=t0.525E-06 0.716 1.07 0.830E-03±0.262E-04±0.465E-04 0.719
1.55 0.794E-05±0.254E-05±0.435E-06 0.715 1.09 0.592E-03±0.221E-04±0.332E-04 0.719
1.57 0.547E-05±0.202E-05±0.300E-06 0.715 1.11 0.371E-03±0.163E-04±0.208E-04 0.719
2.675 0.71 0.432E-02±0.491E-04±0.240E-03 0.875 1.13 0 .265E -03±0.138E -04i0 .149E -04 0.719
0.73 0.319E-02±0.399E-04±0.177E-03 0.875 1.15 0.206E-03±0.128E-04±0.115E-04 0.718
0.75 0.291E-02±0.397E-04±0.162E-03 0.871 1.17 0.113E-03±0.879E-05±0.635E-05 0.718
0.77 0.259E-02±0.382E-04±0.144E-03 0.864 1.19 0.117E-03±0.913E-05±0.657E-05 0.718
0.79 0.240E-02±0.380E-04±0.133E-03 0.856 1.21 0.991E-04±0.818E-05±0.555E-05 0.718
0.81 0.208E-02±0.356E-04±0.115E-03 0.849 1.23 0.682E-04±0.668E-05±0.382E-05 0.718
0.83 0.180E-02±0.334E-04±0.100E-03 0.849 1.25 0.400E-04±0.505E-05±0.224E-05 0.718
0.85 0.150E-02±0.296E-04±0.834E-04 0.857 1.27 0.431E-04±0.550E-05±0.241E-05 0.717
0.87 0.124E-02±0.262E-04±0.689E-04 0.873 1.29 0.320E-04±0.426E-05±0.179E-05 0.717
0.89 0.110E-02±0.242E-04±0.609E-04 0.882 1.31 0.320E-04±0.476E-05±0.179E-05 0.717
0.91 0.109E-02±0.243E-04±0.602E-04 0.873 1.33 0.269E-04±0.411E-05±0.151E-05 0.717
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1.35 0.138E-04±0.294E-05±0.772E-06 0.717 0.91 0.933E-03±0.201E-04±0.535E-04 0.871
1.37 0.235E-04±0.425E-05±0.132E-05 0.717 0.93 0.105E-02±0.225E-04±0.602E-04 0.848
1.39 0 .147E-04±0.332E-05±0.824E-06 0.717 0.95 0.135E-02±0.286E-04±0.774E-04 0.803
1.41 0 .109E-04±0.274E-05±0.612E-06 0.716 0.97 0.158E-02±0.329E-04±0.905E-04 0.756
1.43 0.128E-04±0.309E-05±0.717E-06 0.716 0.99 0.173E-02±0.372E-04±0.993E-04 0.721
1.45 0.814E-05±0.245E-05±0.456E-06 0.716 1.01 0.170E-02±0.381E-04±0.977E-04 0.721
1.47 0.656E-05±0.210E-05±0.367E-06 0.716 1.03 0.128E-02±0.335E-04±0.734E-04 0.720
1.49 0.485E-05±0.179E-05±0.272E-06 0.716 1.05 0.969E-03±0.274E-04±0.555E-04 0.720
1.51 0.252E-05±0.132E-05±0.141E-06 0.716 1.07 0.646E-03±0.219E-04±0.370E-04 0.720
1.53 0.549E-05±0.203E-05±0.308E-06 0.716 1.09 0.444E-03±0.179E-04±0.255E-04 0.720
2.775 0.71 0.400E-02±0.481E-04±0.227E-03 0.874 1.11 0.291E-03±0.136E-04±0.167E-04 0.719
0.73 0.269E-02±0.337E-04±0.152E-03 0.874 1.13 0.223E-03±0.126E-04±0.128E-04 0.719
0.75 0.241E-02±0.318E-04±0.137E-03 0.872 1.15 0.187E-03±0.121E-04±0.107E-04 0.719
0.77 0.227E-02±0.312E-04±0.128E-03 0.867 1.17 0 .122E-03±0.929E-05±0.697E-05 0.719
0.79 0.213E-02±0.306E-04±0.121E-03 0.858 1.19 0.118E-03±0.953E-05±0.676E-05 0.718
0.81 0.195E-02±0.300E-04±0.111E-03 0.852 1.21 0.751E-04±0.696E-05±0.430E-05 0.718
0.83 0.170E-02±0.287E-04±0.965E-04 0.850 1.23 0.545E-04±0.620E-05±0.312E-05 0.718
0.85 0.139E-02±0.261E-04±0.785E-04 0.855 1.25 0.392E-04±0.522E-05±0.224E-05 0.718
0.87 0.114E-02±0.237E-04±0.646E-04 0.870 1.27 0.262E-04±0.439E-05±0.150E-05 0.718
0.89 0.982E-03±0.219E-04±0.557E-04 0.877 1.29 0.334E-04±0.483E-05±0.191E-05 0.718
0.91 0.974E-03±0.218E-04±0.552E-04 0.879 1.31 0.218E-04±0.387E-05±0.125E-05 0.717
0.93 0.111E-02±0.248E-04±0.628E-04 0.844 1.33 0.199E-04±0.339E-05±0.114E-05 0.717
0.95 0 .140E-02±0.304E-04±0.793E-04 0.800 1.35 0.133E-04±0.284E-05±0.765E-06 0.717
0.97 0.166E-02±0.351E-04±0.944E-04 0.754 1.37 0.113E-04±0.294E-05±0.646E-06 0.717
0.99 0.184E-02±0.394E-04±0.104E-03 0.721 1.39 0.137E-04±0.285E-05±0.787E-06 0.717
1.01 0.163E-02±0.372E-04±0.927E-04 0.720 1.41 0.863E-05±0.235E-05±0.494E-06 0.717
1.03 0.136E-02±0.337E-04±0.770E-04 0.720 1.43 0.571E-05±0.258E-05±0.327E-06 0.717
1.05 0.101E-02±0.286E-04±0.574E-04 0.720 1.45 0.368E-05±0.235E-05±0.211E-06 0.716
1.07 0.677E-03±0.226E-04±0.384E-04 0.720 1.47 0.662E-05±0.299E-05±0.379E-06 0.716
1.09 0.462E-03±0.185E-04±0.262E-04 0.719 1.49 0.475E-05±0.175E-05±0.272E-06 0.716
1.11 0.342E-03±0.160E-04±0.194E-04 0.719 1.51 0.549E-05±0.188E-05±0.315E-06 0.716
1.13 0.276E-03±0.147E-04±0.157E-04 0.719 1.53 0.230E-05±0.120E-05±0.132E-06 0.716
1.15 0.216E-03±0.123E-04±0.122E-04 0.719 2.875 0.71 0.391E-02±0.489E-04±0.226E-03 0.872
1.17 0.145E-03±0.984E-05±0.820E-05 0.718 0.73 0.262E-02±0.358E-04±0.152E-03 0.874
1.19 0.101E-03±0.850E-05±0.575E-05 0.718 0.75 0.231E-02±0.338E-04±0.134E-03 0.872
1.21 0.886E-04±0.763E-05±0.503E-05 0.718 0.77 0.205E-02±0.318E-04±0.119E-03 0.868
1.23 0.609E-04±0.644E-05±0.345E-05 0.718 0.79 0.187E-02±0.301E-04±0.108E-03 0.861
1.25 0.719E-04±0.740E-05±0.408E-05 0.718 0.81 0.171E-02±0.283E-04±0.993E-04 0.853
1.27 0.557E-04±0.650E-05±0.316E-05 0.718 0.83 0.141E-02±0.247E-04±0.817E-04 0.850
1.29 0.278E-04±0.419E-05±0.158E-05 0.717 0.85 0.112E-02±0.219E-04±0.649E-04 0.853
1.31 0.329E-04±0.482E-05±0.187E-05 0.717 0.87 0.955E-03±0.193E-04±0.553E-04 0.865
1.33 0.232E-04±0.437E-05±0.132E-05 0.717 0.89 0.850E-03±0.182E-04±0.492E-04 0.875
1.35 0.173E-04±0.369E-05±0.982E-06 0.717 0.91 0.842E-03±0.184E-04±0.487E-04 0.872
1.37 0.251E-04±0.484E-05±0.142E-05 0.717 0.93 0.975E-03±0.201E-04±0.564E-04 0.849
1.39 0.154E-04±0.385E-05±0.871E-06 0.717 0.95 0.118E-02±0.242E-04±0.682E-04 0.804
1.41 0.125E-04±0.326E-05±0.708E-06 0.717 0.97 0 .148E-02±0.298E-04±0.855E-04 0.756
1.43 0.120E-04±0.312E-05±0.679E-06 0.716 0.99 0.156E-02±0.323E-04±0.901E-04 0.721
1.45 0.134E-04±0.294E-05±0.760E-06 0.716 1.01 0.141E-02±0.320E-04±0.814E-04 0.721
1.47 0.914E-05±0.275E-05±0.518E-06 0.716 1.03 0.125E-02±0.302E-04±0.725E-04 0.721
1.49 0.710E-05±0.262E-05±0.402E-06 0.716 1.05 0.906E-03±0.257E-04±0.525E-04 0.720
1.51 0.729E-05±0.249E-05±0.413E-06 0.716 1.07 0.606E-03±0.213E-04±0.351E-04 0.720
1.53 0.798E-05±0.255E-05±0.453E-06 0.716 1.09 0.389E-03±0.157E-04±0.225E-04 0.720
1.55 0.621E-05±0.229E-05±0.352E-06 0.716 1.11 0.292E-03±0.144E-04±0.169E-04 0.720
1.57 0.508E-05±0.205E-05±0.288E-06 0.716 1.13 0.221E-03±0.122E-04±0.128E-04 0.719
1.59 0.474E-05±0.214E-05±0.269E-06 0.716 1.15 0.134E-03±0.959E-05±0.775E-05 0.719
2.825 0.71 0.397E-02±0.495E-04±0.228E-03 0.873 1.17 0.111E-03±0.844E-05±0.640E-05 0.719
0.73 0.290E-02±0.386E-04±0.166E-03 0.874 1.19 0.964E-04±0.802E-05±0.558E-05 0.719
0.75 0.230E-02±0.324E-04±0.132E-03 0.873 1.21 0.645E-04±0.643E-05±0.373E-05 0.718
0.77 0.214E-02±0.306E-04±0.123E-03 0.868 1.23 0.522E-04±0.631E-05±0.302E-05 0.718
0.79 0.192E-02±0.285E-04±0.110E-03 0.860 1.25 0.481E-04±0.571E-05±0.279E-05 0.718
0.81 0.172E-02±0.278E-04±0.988E-04 0.852 1.27 0.257E-04±0.410E-05±0.149E-05 0.718
0.83 0.152E-02±0.261E-04±0.870E-04 0.849 1.29 0.279E-04±0.409E-05±0.162E-05 0.718
0.85 0.132E-02±0.242E-04±0.754E-04 0.856 1.31 0.205E-04±0.338E-05±0.119E-05 0.718
0.87 0.104E-02±0.210E-04±0.595E-04 0.865 1.33 0.215E-04±0.381E-05±0.124E-05 0.717
0.89 0.931E-03±0.200E-04±0.533E-04 0.877 1.35 0.144E-04±0.308E-05±0.837E-06 0.717
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1.37 0.137E-04±0.301E-05±0.794E-06 0.717 1.05 0.722E-03±0.206E-04±0.427E-04 0.721
1.39 0.110E-04±0.266E-05±0.639E-06 0.717 1.07 0.515E-03±0.166E-04±0.304E-04 0.720
1.41 0.111E-04±0.269E-05±0.645E-06 0.717 1.09 0.357E-03±0.138E-04±0.211E-04 0.720
1.43 0.843E-05±0.230E-05±0.488E-06 0.717 1.11 0.296E-03±0.129E-04±0.175E-04 0.720
1.45 0.443E-05±0.164E-05±0.257E-06 0.717 1.13 0.204E-03±0.107E-04±0.120E-04 0.720
1.47 0.888E-05±0.242E-05±0.514E-06 0.716 1.15 0.117E-03±0.744E-05±0.689E-05 0.719
1.49 0.315E-05±0.142E-05±0.183E-06 0.716 1.17 0.925E-04±0.699E-05±0.547E-05 0.719
1.51 0.318E-05±0.144E-05±0.184E-06 0.716 1.19 0.990E-04±0.745E-05±0.585E-05 0.719
2.925 0.71 0.357E-02±0.459E-04±0.209E-03 0.872 1.21 0.614E-04±0.542E-05±0.363E-05 0.719
0.73 0.253E-02±0.349E-04±0.148E-03 0.873 1.23 0.489E-04±0.532E-05±0.289E-05 0.719
0.75 0.214E-02±0.319E-04±0.125E-03 0.872 1.25 0.259E-04±0.384E-05±0.153E-05 0.718
0.77 0.184E-02±0.295E-04±0.108E-03 0.868 1.27 0.245E-04±0.359E-05±0.145E-05 0.718
0.79 0.178E-02±0.297E-04±0.104E-03 0.862 1.29 0.197E-04±0.331E-05±0.116E-05 0.718
0.81 0.163E-02±0.288E-04±0.951E-04 0.854 1.31 0.233E-04±0.439E-05±0.138E-05 0.718
0.83 0.136E-02±0.264E-04±0.797E-04 0.850 1.33 0.190E-04=L0.374E-05±0.112E-05 0.718
0.85 0.110E-02±0.223E-04±0.640E-04 0.852 1.35 0.161E-04±0.352E-05±0.949E-06 0.718
0.87 0.878E-03±0.191E-04±0.513E-04 0.865 1.37 0.155E-04±0.314E-05±0.917E-06 0.717
0.89 0.809E-03±0.177E-04±0.472E-04 0.877 1.39 0.715E-05±0.215E-05±0.423E-06 0.717
0.91 0.767E-03±0.174E-04±0.448E-04 0.873 1.41 0.124E-04±0.281E-05±0.734E-06 0.717
0.93 0.816E-03±0.181E-04±0.476E-04 0.850 1.43 0.484E-05±0.179E-05±0.286E-06 0.717
0.95 0.112E-02±0.233E-04±0.653E-04 0.806 1.45 0.557E-05±0.190E-05±0.329E-06 0.717
0.97 0.123E-02±0.251E-04±0.719E-04 0.761 1.47 0.699E-05±0.211E-05±0.413E-06 0.717
0.99 0.150E-02±0.303E-04±0.877E-04 0.721 1.49 0.323E-05±0.146E-05±0.191E-06 0.717
1.01 0.136E-02±0.292E-04±0.795E-04 0.721 3.025 0.71 0.311E-02±0.408E-04±0.186E-03 0.871
1.03 0.109E-02±0.262E-04±0.639E-04 0.721 0.73 0.213E-02±0.292E-04±0.127E-03 0.872
1.05 0.788E-03±0.218E-04±0.460E-04 0.721 0.75 0 .187E -02±0.282E -04±0.112E-03 0.872
1.07 0.497E-03±0.164E-04±0.290E-04 0.720 0.77 0.171E-02±0.279E-04±0.102E-03 0.870
1.09 0.439E-03=t0.166E-04±0.256E-04 0.720 0.79 0.157E-02±0.274E-04±0.937E-04 0.864
1.11 0.277E-03±0.128E-04±0.162E-04 0.720 0.81 0.143E-02±0.264E-04±0.858E-04 0.856
1.13 0.211E-03±0.115E-04±0.123E-04 0.719 0.83 0.131E-02±0.255E-04±0.784E-04 0.851
1.15 0.126E-03±0.856E-05±0.734E-05 0.719 0.85 0.105E-02±0.224E-04±0.625E-04 0.853
1.17 0.894E-04±0.678E-05±0.522E-05 0.719 0.87 0.925E-03±0.211E-04±0.553E-04 0.860
1.19 0.707E-04±0.633E-05±0.413E-05 0.719 0.89 0.772E-03±0.190E-04±0.462E-04 0.872
1.21 0.895E-04±0.825E-05±0.523E-05 0.719 0.91 0.723E-03±0.184E-04±0.432E-04 0.874
1.23 0.523E-04±0.595E-05=b0.305E-05 0.718 0.93 0.742E-03±0.188E-04±0.444E-04 0.852
1.25 0.396E-04±0.522E-05±0.231E-05 0.718 0.95 0.905E-03±0.219E-04±0.541E-04 0.815
1.27 0.408E-04±0.569E-05±0.238E-05 0.718 0.97 0.113E-02±0.254E-04±0.673E-04 0.762
1.29 0.283E-04±0.467E-05±0.165E-05 0.718 0.99 0.117E-02±0.263E-04±0.698E-04 0.722
1.31 0.296E-04±0.458E-05±0.173E-05 0.718 1.01 0.108E-02±0.254E-04±0.647E-04 0.722
1.33 0.240E-04±0.497E-05±0.140E-05 0.718 1.03 0.954E-03±0.240E-04±0.571E-04 0.721
1.35 0.213E-04±0.467E-05±0.124E-05 0.717 1.05 0.668E-03±0.194E-04±0.399E-04 0.721
1.37 0.114E-04±0.285E-05±0.664E-06 0.717 1.07 0.456E-03±0.157E-04±0.273E-04 0.721
1.39 0.107E-04±0.291E-05±0.625E-06 0.717 1.09 0.325E-03±0.129E-04±0.195E-04 0.720
1.41 0.119E-04±0.298E-05±0.694E-06 0.717 1.11 0.214E-03±0.102E-04±0.128E-04 0.720
1.43 0.919E-05±0.277E-05±0.537E-06 0.717 1.13 0.146E-03±0.829E-05±0.871E-05 0.720
1.45 0.105E-04±0.273E-05±0.610E-06 0.717 1.15 0.115E-03±0.746E-05±0.688E-05 0.720
1.47 0.658E-05±0.243E-05±0.384E-06 0.717 1.17 0.805E-04±0.600E-05±0.481E-05 0.720
1.49 0.376E-05=t0.196E-05±0.220E-06 0.716 1.19 0 .748E-04=t0.600E-05±0.447E-05 0.719
2.975 0.71 0.322E-02±0.404E-04±0.190E-03 0.871 1.21 0.696E-04±0.597E-05±0.416E-05 0.719
0.73 0.238E-02±0.333E-04±0.141E-03 0.873 1.23 0.408E-04±0.454E-05±0.244E-05 0.719
0.75 0.203E-02±0.305E-04±0.120E-03 0.872 1.25 0.375E-04±0.427E-05±0.224E-05 0.719
0.77 0.186E-02±0.297E-04±0.110E-03 0.869 1.27 0.359E-04±0.458E-05±0.215E-05 0.718
0.79 0.170E-02±0.285E-04±0.100E-03 0.864 1.29 0.198E-04±0.332E-05±0.118E-05 0.718
0.81 0.149E-02±0.269E-04±0.882E-04 0.855 1.31 0.212E-04±0.345E-05±0.127E-05 0.718
0.83 0.127E-02±0.248E-04±0.753E-04 0.851 1.33 0.880E-05±0.221E-05±0.526E-06 0.718
0.85 0.107E-02±0.228E-04±0.634E-04 0.855 1.35 0 .135E-04±0.272E-05±0.807E-06 0.718
0.87 0.937E-03±0.212E-04±0.554E-04 0.863 1.37 0.633E-05±0.191E-05±0.379E-06 0.718
0.89 0.797E-03±0.195E-04±0.471E-04 0.869 1.39 0.996E-05±0.232E-05±0.595E-06 0.717
0.91 0.666E-03±0.163E-04±0.393E-04 0.874 1.41 0.766E-05±0.200E-05±0.458E-06 0.717
0.93 0.768E-03±0.178E-04±0.454E-04 0.850 1.43 0.678E-05±0.194E-05±0.405E-06 0.717
0.95 0.930E-03±0.204E-04±0.550E-04 0.805 1.45 0.338E-05±0.136E-05±0.202E-06 0.717
0.97 0.115E-02±0.245E-04±0.682E-04 0.762 1.47 0.422E-05=b0.156E-05=t0.253E-06 0.717
0.99 0.135E-02±0.286E-04±0.797E-04 0.722 1.49 0.133E-05±0.849E-06±0.795E-07 0.717
1.01 0.120E-02±0.270E-04±0.712E-04 0.721 3.075 0.71 0.304E-02±0.407E-04±0.184E-03 0.871
1.03 0.948E-03±0.237E-04±0.560E-04 0.721 0.73 0.210E-02±0.305E-04±0.127E-03 0.871
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0.75 0 .173E-02±0.264E-04±0.104E-03 0.872 1.25 0.272E-04±0.362E-05±0.166E-05 0.719
0.77 0.149E-02±0.239E-04±0.902E-04 0.869 1.27 0.216E-04±0.317E-05±0.132E-05 0.719
0.79 0.135E-02=t0.237E-04±0.816E-04 0.866 1.29 0.193E-04±0.299E-05±0.118E-05 0.719
0.81 0.127E-02±0.240E-04±0.764E-04 0.857 1.31 0.191E-04±0.306E-05±0.117E-05 0.719
0.83 0.117E-02±0.239E-04±0.709E-04 0.852 1.33 0.152E-04±0.280E-05±0.928E-06 0.718
0.85 0.968E-03±0.213E-04±0.585E-04 0.852 1.35 0.114E-04±0.236E-05±0.697E-06 0.718
0.87 0.820E-03±0.193E-04±0.496E-04 0.860 1.37 0.713E-05±0.179E-05±0.436E-06 0.718
0.89 0.709E-03±0.176E-04±0.428E-04 0.870 1.39 0.657E-05±0.171E-05±0.401E-06 0.718
0.91 0.688E-03±0.176E-04±0.416E-04 0.872 1.41 0.594E-05±0.162E-05=b0.363E-06 0.718
0.93 0.734E-03±0.184E-04±0.443E-04 0.853 1.43 0.531E-05±0.152E-05±0.325E-06 0.718
0.95 0.836E-03±0.208E-04±0.505E-04 0.815 1.45 0.356E-05±0.122E-05±0.218E-06 0.717
0.97 0.107E-02±0.259E-04±0.643E-04 0.762 1.47 0.439E-05±0.140E-05±0.269E-06 0.717
0.99 0.118E-02±0.289E-04±0.715E-04 0.722 3.175 0.71 0.284E-02±0.382E-04±0.176E-03 0.872
1.01 0.113E-02±0.289E-04±0.680E-04 0.722 0.73 0.196E-02±0.289E-04±0.121E-03 0.871
1.03 0.798E-03±0.223E-04±0.482E-04 0.722 0.75 0.159E-02±0.256E-04±0.983E-04 0.871
1.05 0.626E-03±0.197E-04±0.378E-04 0.721 0.77 0.143E-02±0.245E-04±0.885E-04 0.870
1.07 0.466E-03±0.162E-04=L0.281E-04 0.721 0.79 0.131E-02±0.241E-04±0.813E-04 0.866
1.09 0.287E-03±0.119E-04±0.173E-04 0.721 0.81 0.112E-02±0.222E-04±0.695E-04 0.860
1.11 0.212E-03±0.105E-04±0.128E-04 0.720 0.83 0.997E-03±0.205E-04±0.616E-04 0.854
1.13 0.136E-03±0.792E-05±0.820E-05 0.720 0.85 0.823E-03±0.184E-04±0.509E-04 0.852
1.15 0.107E-03±0.699E-05±0.648E-05 0.720 0.87 0.699E-03±0.171E-04±0.432E-04 0.860
1.17 0.856E-04±0.643E-05±0.517E-05 0.720 0.89 0.600E-03±0.159E-04±0.371E-04 0.869
1.19 0.488E-04±0.457E-05±0.295E-05 0.720 0.91 0.568E-03±0.151E-04±0.351E-04 0.868
1.21 0.433E-04±0.461E-05±0.262E-05 0.719 0.93 0.577E-03±0.158E-04±0.356E-04 0.855
1.23 0.457E-04±0.451E-05±0.276E-05 0.719 0.95 0.699E-03±0.186E-04±0.432E-04 0.810
1.25 0.154E-04±0.239E-05±0.931E-06 0.719 0.97 0.880E-03±0.225E-04±0.544E-04 0.765
1.27 0.199E-04±0.287E-05±0.120E-05 0.719 ■0.99 0.990E-03±0.253E-04±0.612E-04 0.723
1.29 0.151E-04±0.246E-05±0.914E-06 0.718 1.01 0.940E-03±0.255E-04±0.581E-04 0.723
1.31 0.186E-04±0.313E-05±0.113E-05 0.718 1,03 0.730E-03±0.218E-04±0.451E-04 0.722
1.33 0.135E-04±0.245E-05±0.818E-06 0.718 1.05 0.559E-03±0.189E-04±0.346E-04 0.722
1.35 0.767E-05±0.209E-05±0.463E-06 0.718 1.07 0.372E-03±0.152E-04±0.230E-04 0.722
1.37 0.131E-04±0.259E-05±0.794E-06 0.718 1.09 0.262E-03±0.122E-04±0.162E-04 0.721
1.39 0.631E-05±0.180E-05±0.381E-06 0.718 1.11 0.194E-03±0.107E-04±0.120E-04 0.721
1.41 0.908E-05±0.219E-05±0.548E-06 0.717 1.13 0.109E-03±0.765E-05±0.677E-05 0.721
1.43 0.726E-05±0.219E-05±0.438E-06 0.717 1.15 0.946E-04±0.747E-05±0.585E-05 0.720
1.45 0.977E-05±0.236E-05=t0.590E-06 0.717 1.17 0.849E-04±0.715E-05±0.525E-05 0.720
1.47 0.439E-05±0.150E-05±0.265E-06 0.717 1.19 0.592E-04±0.591E-05±0.366E-05 0.720
1.49 0.316E-05±0.128E-05±0.191E-06 0.717 1.21 0.348E-04±0.402E-05±0.215E-05 0.720
3.125 0.71 0.286E-02±0.385E-04±0.175E-03 0.871 1.23 0.248E-04±0.338E-05±0.154E-05 0.720
0.73 0.192E-02±0.286E-04±0.118E~03 0.871 1.25 0.295E-04±0.366E-05±0.182E-05 0.719
0.75 0.176E-02±0.278E-04±0.107E-03 0.871 1.27 0.237E-04±0.367E-05±0.146E-05 0.719
0.77 0.145E-02±0.248E-04±0.887E-04 0.869 1.29 0 .134E-04±0.252E-05±0.826E-06 0.719
0.79 0.133E-02±0.235E-04±0.813E-04 0.866 1.31 0.875E-05±0.177E-05±0.541E-06 0.719
0.81 0.114E-02±0.212E-04±0.694E-04 0.858 1.33 0.124E-04±0.212E-05±0.766E-06 0.719
0.83 0.104E-02±0.211E-04±0.636E-04 0.853 1.35 0.977E-05±0.197E-05±0.604E-06 0.718
0.85 0.927E-03rt0.206E-04±0.566E-04 0.853 1.37 0.859E-05±0.183E-05±0.531E-06 0.718
0.87 0.773E-03±0.190E-04±0.472E-04 0.861 1.39 0.705E-05±0.170E-05±0.436E-06 0.718
0.89 0.638E-03±0.164E-04±0.390E-04 0.868 1.41 0.405E-05±0.122E-05±0.250E-06 0.718
0.91 0.624E-03±0.163E-04±0.381E-04 0.876 1.43 0.281E-05±0.104E-05±0.174E-06 0.718
0.93 0.711E-03±0.182E-04±0.435E-04 0.852 1.45 0.215E-05±0.970E-06±0.133E-06 0.718
0.95 0.829E-03±0.206E-04±0.506E-04 0.808 1.47 0.216E-05±0.976E-06±0.134E-06 0.717
0.97 0.104E-02±0.254E-04±0.633E-04 0.763 3.225 0.71 0.267E-02±0.362E-04±0.167E-03 0.873
0.99 0.109E-02±0.268E-04±0.664E-04 0.723 0.73 0.190E-02±0.281E-04±0.119E-03 0.871
1.01 0.101E-02±0.268E-04±0.614E-04 0.722 0.75 0.153E-02±0.252E-04±0.954E-04 0.871
1.03 0.832E-03±0.237E-04±0.509E-04 0.722 0.77 0.135E-02±0.235E-04±0.846E-04 0.870
1.05 0.577E-03±0.191E-04±0.353E-04 0.722 0.79 0.121E-02=t0.226E-04±0.756E-04 0.866
1.07 0.406E-03±0.162E-04±0.248E-04 0.721 0.81 0.110E-02±0.220E-04±0.687E-04 0.861
1.09 0.287E-03±0.132E-04±0.175E-04 0.721 0.83 0.876E-03±0.193E-04±0.547E-04 0.855
1.11 0.198E-03±0.106E-04±0.121E-04 0.721 0.85 0.716E-03±0.175E-04±0.448E-04 0.853
1.13 0.143E-03±0.832E-05±0.872E-05 0.720 0.87 0.652E-03±0.161E-04±0.408E-04 0.857
1.15 0.103E-03±0.777E-05±0.628E-05 0.720 0.89 0.576E-03±0.149E-04±0.360E-04 0.869
1.17 0.711E-04±0.565E-05±0.434E-05 0.720 0.91 0.515E-03±0.143E-04±0.322E-04 0.870
1.19 0.540E-04±0.506E-05±0.330E-05 0.720 0.93 0.574E-03±0.160E-04±0.359E-04 0.853
1.21 0.397E-04±0.423E-05±0.243E-05 0.720 0.95 0.671E-03±0.181E-04±0.420E-04 0.813
1.23 0.387E-04±0.463E-05±0.236E-05 0.719 0.97 0.839E-03=h0.217E-04±0.524E-04 0.767
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0.99 0.951E-03±0.250E-04±0.594E-04 0.723 0.77 0 .120E-02±0.214E-04±0.768E-04 0.870
1.01 0.814E-03±0.232E-04±0.509E-04 0.723 0.79 0.107E-02±0.206E-04±0.681E-04 0.867
1.03 0.702E-03±0.210E-04±0.439E-04 0.723 0.81 0.980E-03±0.203E-04±0.626E-04 0.862
1.05 0.459E-03±0.162E-04±0.287E-04 0.722 0.83 0.861E-03±0.191E-04±0.550E-04 0.857
1.07 0.366E-03±0.149E-04±0.229E-04 0.722 0.85 0.765E-03±0.179E-04±0.489E-04 0.853
1.09 0.248E-03±0.119E-04±0.155E-04 0.722 0.87 0.596E-03±0.156E-04±0.381E-04 0.857
1.11 0.163E-03±0.961E-05±0.102E-04 0.721 0.89 0.510E-03±0.144E-04±0.326E-04 0.864
1.13 0.121E-03±0.834E-05±0.755E-05 0.721 0.91 0.449E-03±0.130E-04±0.287E-04 0.869
1.15 0.791E-04±0.613E-05±0.494E-05 0.721 0.93 0.465E-03±0.140E-04±0.297E-04 0.851
1.17 0.482E-04±0.490E-05±0.301E-05 0.720 0.95 0.572E-03±0.166E-04±0.366E-04 0.814
1.19 0.387E-04±0.413E-05±0.242E-05 0.720 0.97 0.672E-03±0.186E-04±0.429E-04 0.769
1.21 0.399E-04±0.454E-05±0.249E-05 0.720 0.99 0.770E-03±0.211E-04±0.492E-04 0.724
1.23 0.356E-04±0.474E-05±0.222E-05 0.720 1.01 0.680E-03±0.202E-04±0.435E-04 0.724
1.25 0.228E-04±0.382E-05±0.142E-05 0.720 1.03 0.554E-03±0.182E-04±0.354E-04 0.723
1.27 0.190E-04±0.318E-05±0.119E-05 0.719 1.05 0.357E-03=t0.143E-04=t0.228E-04 0.723
1.29 0.244E-04±0.378E-05±0.152E-05 0.719 1.07 0.267E-03±0.123E-04±0.171E-04 0.723
1.31 0.114E-04±0.237E-05±0.715E-06 0.719 1.09 0.184E-03±0.995E-05±0.118E-04 0.722
1.33 0.907E-05±0.205E-05±0.567E-06 0.719 1.11 0 .140E-03±0.877E-05±0.895E-05 0.722
1.35 0.112E-04±0.245E-05±0.699E-06 0.719 1.13 0.844E-04±0.664E-05±0.540E-05 0.722
1.37 0.514E-05±0.164E-05±0.321E-06 0.718 1.15 0.623E-04±0.546E-05±0.398E-05 0.721
1.39 0.862E-05±0.225E-05±0.538E-06 0.718 1.17 0.614E-04±0.595E-05±0.393E-05 0.721
1.41 0.543E-05±0.163E-05±0.339E-06 0.718 1.19 0.332E-04±0.408E-05±0.212E-05 0.721
1.43 0.511E-05±0.154E-05±0.319E-06 0.718 1.21 0.266E-04±0.385E-05±0.170E-05 0.721
3.275 0.71 0.247E-02±0.342E-04±0.156E-03 0.874 1.23 0.188E-04±0.326E-05±0.120E-05 0.720
0.73 0.179E-02±0.268E-04±0.113E-03 0.871 1.25 0.167E-04±0.296E-05±0.107E-05 0.720
0.75 0.145E-02±0.239E-04±0.917E-04 0.871 1.27 0 .150E-04±0.271E-05±0.957E-06 0.720
0.77 0.134E-02±0.236E-04±0.847E-04 0.870 1.29 0.999E-05±0.226E-05±0.638E-06 0.720
0.79 0.115E-02±0.216E-04±0.729E-04 0.867 1.31 0.849E-05±0.205E-05±0.542E-06 0.719
0.81 0.101E-02±0.206E-04±0.636E-04 0.861 1.33 0.103E-04±0.233E-05±0.659E-06 0.719
0.83 0.946E-03±0.204E-04±0.597E-04 0.855 1.35 0.862E-05±0.208E-05±0.551E-06 0.719
0.85 0.754E-03±0.179E-04±0.476E-04 0.855 1.37 0.756E-05±0.197E-05±0.483E-06 0.719
0.87 0.629E-03±0.163E-04±0.397E-04 0.859 1.39 0.563E-05±0.169E-05±0.360E-06 0.719
0.89 0.516E-03±0.145E-04±0.326E-04 0.868 1.41 0.728E-05±0.190E-05±0.465E-06 0.718
0.91 0.464E-03±0.134E-04±0.293E-04 0.872 1.43 0.322E-05±0.130E-05±0.206E-06 0.718
0.93 0.499E-03±0.138E-04±0.315E-04 0.855 3.375 0.71 0.232E-02±0.305E-04±0.150E-03 0.875
0.95 0.548E-03±0.152E-04±0.346E-04 0.819 0.73 0.161E-02±0.222E-04±0.104E-03 0.871
0.97 0.750E-03±0.204E-04±0.474E-04 0.764 0.75 0.136E-02±0.216E-04±0.875E-04 0.870
0.99 0.821E-03±0.228E-04±0.518E-04 0.724 0.77 0.111E-02±0.203E-04±0.718E-04 0.870
1.01 0.765E-03±0.218E-04±0.483E-04 0.723 0.79 0.103E-02±0.196E-04±0.662E-04 0.868
1.03 0.579E-03±0.189E-04±0.365E-04 0.723 0.81 0.914E-03±0.192E-04±0.589E-04 0.863
1.05 0.449E-03±0.167E-04±0.283E-04 0.723 0.83 0.800E-03±0.183E-04±0.516E-04 0.857
1.07 0.322E-03±0.141E-04±0.203E-04 0.722 0.85 0.671E-03±0.165E-04±0.433E-04 0.855
1.09 0.204E-03±0.106E-04±0.129E-04 0.722 0.87 0.594E-03±0.155E-04±0.383E-04 0.860
1.11 0.136E-03±0.824E-05±0.855E-05 0.722 0.89 0.503E-03±0.142E-04±0.324E-04 0.863
1.13 0.948E-04±0.673E-05±0.598E-05 0.721 0.91 0.413E-03±0.123E-04±0.266E-04 0.871
1.15 0.878E-04±0.704E-05±0.554E-05 0.721 0.93 0.474E-03±0.140E-04±0.306E-04 0.856
1.17 0.545E-04±0.510E-05±0.344E-05 0.721 0.95 0.547E-03±0.161E-04±0.353E-04 0.811
1.19 0.585E-04±0.587E-05±0.369E-05 0.720 0.97 0.669E-03±0.189E-04±0.431E-04 0.769
1.21 0.425E-04±0.523E-05±0.268E-05 0.720 0.99 0.721E-03±0.209E-04±0.465E-04 0.724
1.23 0.218E-04±0.315E-05±0.137E-05 0.720 1.01 0.666E-03±0.204E-04±0.430E-04 0.724
1.25 0.257E-04±0.411E-05±0.162E-05 0.720 1.03 0.502E-03±0.168E-04±0.324E-04 0.724
1.27 0.261E-04±0.394E-05±0.165E-05 0.720 1.05 0.362E-03±0.135E-04±0.233E-04 0.723
1.29 0.125E-04±0.241E-05±0.789E-06 0.719 1.07 0.244E-03±0.115E-04±0.157E-04 0.723
1.31 0.126E-04±0.293E-05±0.792E-06 0.719 1.09 0.182E-03±0.996E-05±0.118E-04 0.722
1.33 0.128E-04±0.308E-05±0.805E-06 0.719 1.11 0.113E-03±0.788E-05±0.729E-05 0.722
1.35 0.971E-05±0.277E-05±0.612E-06 0.719 1.13 0.847E-04±0.658E-05±0.546E-05 0.722
1.37 0.116E-04±0.291E-05±0.732E-06 0.719 1.15 0.685E-04±0.604E-05±0.442E-05 0.722
1.39 0.104E-04±0.272E-05±0.658E-06 0.718 1.17 0.468E-04±0.498E-05±0.302E-05 0.721
1.41 0.526E-05±0.212E-05±0.332E-06 0.718 1.19 0.390E-04±0.437E-05±0.252E-05 0.721
1.43 0.513E-05±0.207E-05±0.324E-06 0.718 1.21 0.298E-04±0.397E-05±0.192E-05 0.721
1.45 0.680E-05±0.232E-05±0.429E-06 0.718 1.23 0.154E-04±0.283E-05±0.992E-06 0.721
1.47 0.179E-05±0.114E-05±0.113E-06 0.718 1.25 0.139E-04±0.261E-05±0.895E-06 0.720
3.325 0.71 0.238E-02±0.304E-04±0.152E-03 0.874 1.27 0.189E-04±0.312E-05±0.122E-05 0.720
0.73 0.170E-02±0.256E-04±0.108E-03 0.871 1.29 0.114E-04±0.231E-05±0.738E-06 0.720
0.75 0.139E-02±0.229E-04±0.885E-04 0.871 1.31 0.722E-05±0.188E-05±0.466E-06 0.720
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1.33 0.109E-04±0.255E-05±0.706E-06 0.719 1.17 0.357E-04±0.400E-05±0.236E-05 0.722
1.35 0.670E-05±0.192E-05±0.432E-06 0.719 1.19 0.323E-04±0.397E-05±0.213E-05 0.722
1.37 0.506E-05±0.161E-05±0.326E-06 0.719 1.21 0.241E-04±0.315E-05±0.159E-05 0.721
1.39 0.308E-05±0.124E-05±0.199E-06 0.719 1.23 0.115E-04±0.216E-05±0.757E-06 0.721
1.41 0 .130E-05±0.830E-06±0.838E-07 0.719 1.25 0.171E-04±0.265E-05±0.113E-05 0.721
1.43 0.210E-05±0.109E-05±0.135E-06 0.718 1.27 0.103E-04±0.214E-05±0.681E-06 0.721
3.425 0.71 0.224E-02±0.316E-04±0.146E-03 0.877 1.29 0.608E-05=t0.159E-05±0.401E-06 0.720
0.73 0.159E-02±0.233E-04±0.104E-03 0.871 1.31 0.368E-05±0.126E-05±0.243E-06 0.720
0.75 0.128E-02±0.196E-04±0.834E-04 0.870 1.33 0.493E-05±0.148E-05±0.325E-06 0.720
0.77 0.116E-02±0.195E-04±0.755E-04 0.870 1.35 0.424E-05±0.135E-05±0.280E-06 0.720
0.79 0.960E-03±0.188E-04±0.626E-04 0.868 1.37 0.435E-05±0.139E-05±0.287E-06 0.719
0.81 0.882E-03±0.187E-04±0.575E-04 0.863 1.39 0.203E-05±0.917E-06±0.134E-06 0.719
0.83 0.795E-03±0.177E-04±0.518E-04 0.858 3.525 0.71 0.197E-02±0.266E-04±0.131E-03 0.879
0.85 0.666E-03±0.163E-04±0.434E-04 0.855 0.73 0.153E-02±0.234E-04±0.102E-03 0.872
0.87 0.536E-03±0.143E-04±0.349E-04 0.858 0.75 0.127E-02±0.213E-04±0.847E-04 0.870
0.89 0.433E-03±0.128E-04±0.282E-04 0.867 0.77 0.106E-02±0.194E-04±0.708E-04 0.870
0.91 0.427E-03±0.129E-04±0.278E-04 0.869 0.79 0.868E-03±0.166E-04±0.578E-04 0.868
0.93 0.456E-03±0.135E-04±0.297E-04 0.856 0.81 0.769E-03±0.152E-04±0.512E-04 0.864
0.95 0.468E-03±0.141E-04±0.305E-04 0.823 0.83 0.656E-03±0.144E-04±0.437E-04 0.858
0.97 0.624E-03±0.182E-04±0.407E-04 0.768 0.85 0.586E-03±0.146E-04±0.390E-04 0.856
0.99 0.689E-03±0.197E-04±0.449E-04 0.725 0.87 0.502E-03±0.139E-04±0.334E-04 0.858
1.01 0.676E-03±0.205E-04±0.441E-04 0.724 0.89 0.420E-03±0.122E-04±0.280E-04 0.863
1.03 0.496E-03±0.169E-04±0.323E-04 0.724 0.91 0.406E-03±0.126E-04±0.271E-04 0.865
1.05 0.317E-03±0.132E-04±0.207E-04 0.724 0.93 0.385E-03±0.123E-04±0.256E-04 0.853
1.07 0.227E-03±0.110E-04±0.148E-04 0.723 0.95 0.433E-03±0.134E-04±0.288E-04 0.818
1.09 0.173E-03±0.916E-05±0.113E-04 0.723 0.97 0.543E-03±0.166E-04±0.362E-04 0.774
1.11 0.109E-03±0.700E-05±0.713E-05 0.722 0.99 0.532E-03±0.168E-04±0.354E-04 0.725
1.13 0.919E-04±0.687E-05±0.599E-05 0.722 1.01 0.523E-03±0.173E-04±0.348E-04 0.725
1.15 0.577E-04±0.543E-05±0.376E-05 0.722 1.03 0.403E-03±0.149E-04±0.268E-04 0.725
1.17 0.368E-04±0.391E-05±0.240E-05 0.722 1.05 0.307E-03±0.127E-04±0.204E-04 0.724
1.19 0.368E-04±0.409E-05±0.240E-05 0.721 1.07 0.219E-03±0.109E-04±0.146E-04 0.724
1.21 0.222E-04±0.330E-05±0.145E-05 0.721 1.09 0.155E-03±0.884E-05±0.103E-04 0.723
1.23 0.200E-04±0.296E-05±0.130E-05 0.721 1.11 0.972E-04±0.694E-05±0.647E-05 0.723
1.25 0.226E-04±0.308E-05±0.148E-05 0.721 1.13 0.540E-04±0.472E-05±0.360E-05 0.723
1.27 0.867E-05±0.209E-05±0.565E-06 0.720 1.15 0.494E-04±0.496E-05±0.329E-05 0.722
1.29 0.110E-04±0.248E-05±0.716E-06 0.720 1.17 0.474E-04±0.488E-05±0.315E-05 0.722
1.31 0.926E-05±0.224E-05±0.604E-06 0.720 1.19 0.250E-04±0.341E-05±0.167E-05 0.722
1.33 0.112E-04±0.253E-05±0.732E-06 0.720 1.21 0.218E-04±0.315E-05±0.145E-05 0.722
1.35 0.71 lE-05±0.203E -05±0.463E -06 0.719 1.23 0.255E-04±0.364E-05±0.170E-05 0.721
1.37 0.709E-05±0.193E-05±0.462E-06 0.719 1.25 0.124E-04±0.244E-05±0.825E-06 0.721
1.39 0.344E-05±0.139E-05±0.224E-06 0.719 1.27 0.136E-04±0.256E-05±0.903E-06 0.721
1.41 0 .133E-05±0.847E-06±0.864E-07 0.719 1.29 0.932E-05±0.198E-05±0.621E-06 0.721
3.475 0.71 0.220E-02±0.310E-04±0.145E-03 0.878 1.31 0.736E-05±0.184E-05±0.490E-06 0.720
0.73 0.155E-02±0.237E-04±0.102E-03 0.871 1.33 0 .105E-04=t0.237E-05±0.699E-06 0.720
0.75 0.131E-02±0.216B-04±0.868E-04 0.870 1.35 0.354E-05±0.131E-05±0.236E-06 0.720
0.77 0.105E-02±0.180E-04±0.692E-04 0.870 1.37 0.827E-05±0.200E-05±0.551E-06 0.720
0.79 0.909E-03±0.164E-04±0.600E-04 0.868 3.575 0.71 0.202E-02±0.262E-04±0.136E-03 0.881
0.81 0.838E-03±0.171E-04±0.553E-04 0.864 0.73 0.142E-02±0.202E-04±0.957E-04 0.873
0.83 0.691E-03±0.158E-04±0.456E-04 0.859 0.75 0.121E-02±0.203E-04±0.817E-04 0.870
0.85 0.573E-03±0.149E-04±0.378E-04 0.855 0.77 0.103E-02±0.192E-04±0.697E-04 0.870
0.87 0.543E-03±0.147E-04±0.359E-04 0.858 0.79 0.858E-03±0.175E-04±0.578E-04 0.869
0.89 0.437E-03±0.128E-04±0.288E-04 0.864 0.81 0.776E-03±0.163E-04±0.523E-04 0.865
0.91 0.389E-03=t0.120E-04±0.256E-04 0.870 0.83 0.639E-03±0.141E-04±0.431E-04 0.860
0.93 0.386E-03±0.123E-04±0.255E-04 0.859 0.85 0.526E-03±0.125E-04±0.355E-04 0.855
0.95 0.432E-03±0.136E-04±0.285E-04 0.817 0.87 0.433E-03±0.116E-04±0.292E-04 0.857
0.97 0.560E-03±0.168E-04±0.370E-04 0.770 0.89 0.395E-03±0.118E-04±0.266E-04 0.865
0.99 0.589E-03±0.178E-04±0.389E-04 0.725 0.91 0.338E-03±0.109E-04±0.228E-04 0.868
1.01 0.617E-03±0.193E-04±0.407E-04 0.725 0.93 0.358E-03±0.118E-04±0.242E-04 0.855
1.03 0.419E-03±0.157E-04±0.276E-04 0.724 0.95 0.424E-03±0.134E-04±0.286E-04 0.814
1.05 0.326E-03±0.132E-04±0.215E-04 0.724 0.97 0.508E-03±0.156E-04±0.343E-04 0.771
1.07 0.253E-03±0.120E-04±0.167E-04 0.723 0.99 0.576E-03±0.180E-04±0.388E-04 0.726
1.09 0 .168E-03±0.992E-05±0.11 IE-04 0.723 1.01 0.487E-03±0.166E-04=t0.328E-04 0.725
1.11 0.102E-03±0.695E-05±0.672E-05 0.723 1.03 0.423E-03±0.154E-04±0.285E-04 0.725
1.13 0.869E-04±0.649E-05±0.573E-05 0.722 1.05 0.273E-03±0.123E-04±0.184E-04 0.725
1.15 0.524E-04±0.523E-05±0.346E-05 0.722 1.07 0.206E-03±0.104E-04±0.139E-04 0.724
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1.09 0.137E-03±0.828E-05±0.923E-05 0.724 1.11 0.840E-04±0.598E-05±0.579E-05 0.724
1.11 0.903E-04±0.651E-05±0.609E-05 0.723 1.13 0.604E-04±0.525E-05±0.416E-05 0.724
1.13 0.625E-04±0.533E-05±0.421E-05 0.723 1.15 0.463E-04±0.480E-05±0.319E-05 0.723
1.15 0.298E-04=t0.360E-05±0.201E-05 0.723 1.17 0.316E-04±0.392E-05±0.218E-05 0.723
1.17 0.465E-04±0.491E-05±0.313E-05 0.722 1.19 0.356E-04±0.430E-05±0.245E-05 0.723
1.19 0.179E-04±0.286E-05±0.121E-05 0.722 1.21 0.170E-04±0.301E-05±0.117E-05 0.722
1.21 0.167E-04±0.259E-05±0.113E-05 0.722 1.23 0.143E-04±0.275E-05±0.984E-06 0.722
1.23 0.171E-04±0.273E-05±0.115E-05 0.722 1.25 0.129E-04±0.243E-05±0.889E-06 0.722
1.25 0.432E-05±0.123E-05±0.291E-06 0.721 1.27 0.921E-05±0.231E-05±0.635E-06 0.722
1.27 0.962E-05±0.185E-05±0.649E-06 0.721 1.29 0.106E-04±0.240E-05±0.731E-06 0.721
1.29 0.851E-05±0.199E-05±0.574E-06 0.721 1.31 0.751E-05±0.196E-05±0.517E-06 0.721
1.31 0.490E-05±0.156E-05±0.330E-06 0.721 3.725 0.71 0.174E-02±0.282E-04±0.121E-03 0.885
1.33 0.390E-05±0.158E-05±0.263E-06 0.720 0.73 0.129E-02±0.193E-04±0.897E-04 0.875
3.625 0.71 0.193E-02±0.259E-04±0.132E-03 0.882 0.75 0.105E-02±0.167E-04±0.728E-04 0.871
0.73 0.138E-02±0.197E-04±0.938E-04 0.874 0.77 0.871E-03±0.154E-04±0.606E-04 0.869
0.75 0.111E-02±0.174E-04±0.755E-04 0.870 0.79 0.769E-03±0.146E-04±0.535E-04 0.869
0.77 0.952E-03±0.172E-04±0.648E-04 0.870 0.81 0.684E-03±0.139E-04±0.476E-04 0.867
0.79 0.832E-03±0.170E-04±0.566E-04 0.869 0.83 0.552E-03±0.130E-04±0.384E-04 0.863
0.81 0.702E-03±0.157E-04±0.478E-04 0.866 0.85 0.500E-03±0.133E-04±0.348E-04 0.858
0.83 0.599E-03=b0.146E-04±0.408E-04 0.860 0.87 0.447E-03±0.128E-04±0.311E-04 0.857
0.85 0.534E-03±0.131E-04±0.364E-04 0.856 0.89 0.367E-03±0.115E-04±0.255E-04 0.863
0.87 0.455E-03±0.117E-04±0.310E-04 0.857 0.91 0.294E-03±0.952E-05±0.204E-04 0.866
0.89 0.363E-03±0.102E-04±0.247E-04 0.862 0.93 0.273E-03±0.880E-05±0.190E-04 0.853
0.91 0.329E-03±0.991E-05±0.224E-04 0.866 0.95 0.325E-03±0.100E-04±0.226E-04 0.824
0.93 0.370E-03±0.119E-04±0.252E-04 0.855 0.97 0.391E-03±0.120E-04±0.272E-04 0.773
0.95 0.365E-03±0.122E-04±0.249E-04 0.826 0.99 0.454E-03±0.144E-04±0.316E-04 0.727
0.97 0.471E-03±0.150E-04±0.321E-04 0.772 1.01 0.395E-03±0.139E-04±0.275E-04 0.727
0.99 0.478E-03±0.159E-04±0.325E-04 0.726 1.03 0.328E-03±0.127E-04±0.228E-04 0.726
1.01 0.505E-03±0.171E-04±0.344E-04 0.726 1.05 0.213E-03±0.101E-04±0.148E-04 0.726
1.03 0.325E-03±0.128E-04±0.221E-04 0.725 1.07 0.160E-03±0.860E-05±0.112E-04 0.725
1.05 0.287E-03±0.125E-04±0.195E-04 0.725 1.09 0.117E-03±0.743E-05±0.813E-05 0.725
1.07 0.184E-03±0.952E-05±0.125E-04 0.725 1.11 0.896E-04±0.719E-05±0.624E-05 0.724
1.09 0.128E-03±0.783E-05±0.872E-05 0.724 1.13 0.496E-04±0.467E-05±0.345E-05 0.724
1.11 0.751E-04±0.580E-05±0.511E-05 0.724 1.15 0.408E-04±0.432E-05±0.284E-05 0.724
1.13 0.579E-04±0.537E-05±0.394E-05 0.723 1.17 0.250E-04±0.310E-05±0.174E-05 0.723
1.15 0.525E-04±0.503E-05±0.358E-05 0.723 1.19 0.139E-04±0.229E-05±0.965E-06 0.723
1.17 0.356E-04±0.393E-05±0.242E-05 0.723 1.21 0.113E-04±0.197E-05±0.789E-06 0.723
1.19 0.228E-04±0.330E-05±0.155E-05 0.722 1.23 0.120E-04±0.231E-05±0.835E-06 0.722
1.21 0.253E-04±0.361E-05±0.172E-05 0.722 1.25 0.969E-05±0.201E-05±0.675E-06 0.722
1.23 0.190E-04±0.286E-05±0.130E-05 0.722 1.27 0.786E-05±0.225E-05±0.547E-06 0.722
1.25 0.601E-05±0.140E-05±0.410E-06 0.722 1.29 0.786E-05±0.214E-05±0.547E-06 0.722
1.27 0.599E-05±0.180E-05±0.408E-06 0.721 1.31 0.708E-05±0.213E-05±0.493E-06 0.721
1.29 0.587E-05±0.201E-05±0.400E-06 0.721 1.33 0.630E-05±0.201E-05±0.438E-06 0.721
1.31 0.122E-04±0.305E-05±0.828E-06 0.721 3.775 0.71 0.170E-02±0.285E-04±0.119E-03 0.886
1.33 0.442E-05±0.179E-05±0.301E-06 0.721 0.73 0 .123E-02±0.209E-04±0.867E-04 0.876
3.675 0.71 0.170E-02±0.246E-04±0.117E-03 0.884 0.75 0.944E-03±0.158E-04±0.664E-04 0.871
0.73 0.128E-02±0.185E-04±0.880E-04 0.875 0.77 0.839E-03±0.148E-04±0.590E-04 0.870
0.75 0.109E-02±0.173E-04±0.752E-04 0.870 0.79 0.725E-03±0.141E-04±0.510E-04 0.869
0.77 0.945E-03±0.163E-04±0.651E-04 0.870 0.81 0.608E-03±0.128E-04±0.427E-04 0.867
0.79 0.773E-03±0.150E-04=fc0.533E-04 0.869 0.83 0.521E-03±0.119E-04±0.366E-04 0.862
0.81 0.728E-03±0.159E-04±0.501E-04 0.866 0.85 0.507E-03±0.126E-04±0.357E-04 0.858
0.83 0.615E-03±0.148E-04±0.424E-04 0.860 0.87 0.436E-03±0.124E-04d=0.306E-04 0.858
0.85 0.542E-03±0.141E-04±0.374E-04 0.857 0.89 0.335E-03±0.109E-04±0.236E-04 0.863
0.87 0.455E-03±0.125E-04±0.313E-04 0.858 0.91 0.312E-03±0.103E-04±0.219E-04 0.865
0.89 0.365E-03±0.104E-04±0.252E-04 0.861 0.93 0.301E-03±0.101E-04=t0.211E-04 0.860
0.91 0.317E-03±0.928E-05±0.219E-04 0.866 0.95 0.330E-03±0.104E-04±0.232E-04 0.823
0.93 0.308E-03±0.938E-05±0.212E-04 0.857 0.97 0.338E-03±0.108E-04±0.238E-04 0.773
0.95 0.381E-03±0.116E-04±0.263E-04 0.820 0.99 0.402E-03±0.127E-04±0.282E-04 0.728
0.97 0.423E-03±0.137E-04±0.291E-04 0.776 1.01 0.349E-03±0.116E-04±0.245E-04 0.727
0.99 0.473E-03±0.154E-04±0.326E-04 0.727 1.03 0.293E-03±0.110E-04±0.206E-04 0.727
1.01 0.427E-03±0.147E-04±0.294E-04 0.726 1.05 0.199E-03±0.930E-05±0.140E-04 0.726
1.03 0.328E-03±0.127E-04±0.226E-04 0.726 1.07 0.158E-03±0.833E-05±0.111E-04 0.726
1.05 0.237E-03±0.105E-04±0.163E-04 0.725 1.09 0.948E-04±0.655E-05±0.667E-05 0.725
1.07 0.173E-03±0.921E-05±0.119E-04 0.725 1.11 0.816E-04±0.590E-05±0.574E-05 0.725
1.09 0.997E-04±0.662E-05±0.687E-05 0.724 1.13 0.491E-04±0.446E-05±0.345E-05 0.724
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1.15 0.302E-04±0.347E-05±0.213E-05 0.724 1.19 0.276E-04±0.349E-05±0.198E-05 0.724
1.17 0.258E-04±0.333E-05±0.182E-05 0.724 1.21 0.166E-04±0.294E-05±0.119E-05 0.724
1.19 0.150E-04±0.247E-05±0.105E-05 0.723 1.23 0.210E-04±0.330E-05±0.151E-05 0.723
1.21 0.171E-04±0.302E-05±0.120E-05 0.723 1.25 0.770E-05±0.174E-05±0.553E-06 0.723
1.23 0.907E-05±0.183E-05±0.637E-06 0.723 1.27 0.746E-05±0.187E-05±0.536E-06 0.723
1.25 0.111E-04±0.200E-05±0.780E-06 0.722 1.29 0.533E-05±0.152E-05±0.383E-06 0.723
1.27 0.510E-05±0.139E-05±0.359E-06 0.722 1.31 0.465E-05±0.140E-05±0.334E-06 0.722
1.29 0.834E-05±0.183E-05±0.586E-06 0.722 3.925 0.71 0.144E-02±0.225E-04±0.104E-03 0.891
1.31 0.307E-05±0.105E-05±0.216E-06 0.722 0.73 0.109E-02±0.186E-04±0.788E-04 0.881
1.33 0.242E-05±0.827E-06±0.170E-06 0.721 0.75 0.948E-03±0.186E-04±0.687E-04 0.873
3.825 0.71 0.157E-02±0.266E-04±0.111E-03 0.888 0.77 0.766E-03±0.155E-04±0.555E-04 0.870
0.73 0.121E-02±0.215E-04±0.857E-04 0.878 0.79 0.643E-03±0.141E-04±0.466E-04 0.869
0.75 0.980E-03±0.176E-04±0.696E-04 0.872 0.81 0.549E-03±0.129E-04±0.398E-04 0.868
0.77 0.838E-03±0.154E-04±0.595E-04 0.869 0.83 0.474E-03±0.113E-04±0.344E-04 0.865
0.79 0.676E-03±0.132E-04±0.480E-04 0.869 0.85 0.366E-03±0.954E-05±0.266E-04 0.860
0.81 0.610E-03±0.129E-04±0.433E-04 0.867 0.87 0.350E-03±0.981E-05±0.254E-04 0.859
0.83 0.527E-03±0.120E-04±0.374E-04 0.863 0.89 0.280E-03±0.869E-05±0.203E-04 0.861
0.85 0.474E-03±0.114E-04±0.336E-04 0.859 0.91 0.258E-03±0.829E-05±0.187E-04 0.863
0.87 0.370E-03±0.100E-04±0.263E-04 0.858 0.93 0.256E-03±0.832E-05±0.186E-04 0.854
0.89 0.312E-03±0.971E-05±0.221E-04 0.861 0.95 0.260E-03±0.899E-05±0.189E-04 0.821
0.91 0.285E-03±0.964E-05±0.202E-04 0.867 0.97 0.340E-03±0.122E-04±0.247E-04 0.780
0.93 0.270E-03±0.959E-05±0.191E-04 0.862 0.99 0.361E-03±0.133E-04±0.261E-04 0.729
0.95 0.313E-03±0.110E-04±0.222E-04 0.827 1.01 0.347E-03±0.131E-04±0.252E-04 0.728
0.97 0.347E-03±0.119E-04±0.246E-04 0.776 1.03 0.259E-03±0.109E-04±0.188E-04 0.728
0.99 0.378E-03±0.124E-04±0.268E-04 0.728 1.05 0.173E-03±0.816E-05±0.126E-04 0.727
1.01 0.340E-03±0.119E-04±0.241E-04 0.727 1.07 0.141E-03±0.750E-05±0.102E-04 0.727
1.03 0.271E-03±0.104E-04±0.192E-04 0.727 1.09 0.791E-04±0.547E-05±0.574E-05 0.726
1.05 0.203E-03±0.872E-05±0.144E-04 0.726 1.11 0.548E-04±0.435E-05±0.397E-05 0.726
1.07 0.129E-03±0.677E-05±0.916E-05 0.726 1.13 0.541E-04±0.444E-05±0.392E-05 0.725
1.09 0 .105E-03±0.653E-05±0.743E-05 0.726 1.15 0.336E-04±0.348E-05±0.244E-05 0.725
1.11 0.727E-04±0.565E-05±0.516E-05 0.725 1.17 0.180E-04±0.254E-05±0.130E-05 0.725
1.13 0.513E-04±0.476E-05±0.364E-05 0.725 1.19 0.121E-04±0.200E-05±0.880E-06 0.724
1.15 0.385E-04±0.415E-05±0.273E-05 0.724 1.21 0.188E-04±0.296E-05±0.137E-05 0.724
1.17 0.259E-04±0.324E-05±0.184E-05 0.724 1.23 0.979E-05±0.198E-05±0.710E-06 0.724
1.19 0.161E-04±0.262E-05±0.115E-05 0.724 1.25 0.544E-05±0.131E-05±0.394E-06 0.723
1.21 0.133E-04±0.269E-05=t0.947E-06 0.723 1.27 0.746E-05±0.180E-05±0.541E-06 0.723
1.23 0.138E-04±0.273E-05±0.982E-06 0.723 1.29 0.416E-05±0.125E-05±0.302E-06 0.723
1.25 0.815E-05±0.197E-05±0.579E-06 0.723 3.975 0.71 0.133E-02±0.220E-04±0.972E-04 0.892
1.27 0.144E-04±0.324E-05±0.102E-05 0.722 0.73 0.106E-02±0.180E-04±0.780E-04 0.882
1.29 0.766E-05±0.231E-05±0.544E-06 0.722 0.75 0.940E-03±0.172E-04±0.689E-04 0.874
1.31 0.681E-05=t0.218E-05±0.484E-06 0.722 0.77 0.794E-03±0.160E-04±0.582E-04 0.871
3.875 0.71 0 .155E -02±0.243E -04±0.112E-03 0.890 0.79 0.666E-03±0.147E-04±0.488E-04 0.869
0.73 0.111E-02±0.205E-04±0.797E-04 0.879 0.81 0.542E-03±0.131E-04±0.397E-04 0.867
0.75 0.991E-03±0.184E-04±0.712E-04 0.872 0.83 0.464E-03±0.122E-04±0.340E-04 0.864
0.77 0.843E-03±0.165E-04±0.606E-04 0.870 0.85 0.388E-03±0.104E-04±0.284E-04 0.861
0.79 0.688E-03±0.145E-04±0.495E-04 0.869 0.87 0.337E-03±0.943E-05±0.247E-04 0.859
0.81 0.531E-03±0.118E-04±0.382E-04 0.867 0.89 0.278E-03±0.863E-05±0.204E-04 0.861
0.83 0.475E-03±0.114E-04±0.341E-04 0.863 0.91 0.233E-03±0.759E-05±0.171E-04 0.865
0.85 0.420E-03±0.106E-04±0.302E-04 0.859 0.93 0.246E-03±0.830E-05±0.180E-04 0.855
0.87 0.365E-03±0.982E-05±0.263E-04 0.857 0.95 0.273E-03±0.903E-05±0.200E-04 0.826
0.89 0.322E-03±0.933E-05±0.232E-04 0.863 0.97 0.272E-03±0.932E-05±0.199E-04 0.776
0.91 0.279E-03±0.875E-05±0.201E-04 0.867 0.99 0.300E-03±0.108E-04±0.220E-04 0.729
0.93 0.253E-03±0.897E-05±0.182E-04 0.856 1.01 0.310E-03±0.118E-04±0.227E-04 0.729
0.95 0.268E-03±0.100E-04±0.192E-04 0.822 1.03 0.236E-03±0.103E-04±0.173E-04 0.728
0.97 0.363E-03±0.128E-04±0.261E-04 0.781 1.05 0.170E-03±0.858E-05±0.125E-04 0.728
0.99 0.389E-03±0.140E-04±0.279E-04 0.728 1.07 0.111E-03±0.677E-05±0.814E-05 0.727
1.01 0.338E-03±0.130E-04±0.243E-04 0.728 1.09 0.725E-04±0.532E-05±0.532E-05 0.727
1.03 0.247E-03±0.998E-05±0.178E-04 0.727 1.11 0.636E-04±0.496E-05±0.466E-05 0.726
1.05 0.192E-03±0.847E-05±0.138E-04 0.727 1.13 0.379E-04±0.355E-05±0.278E-05 0.726
1.07 0.128E-03±0.674E-05±0.917E-05 0.726 1.15 0.292E-04±0.306E-05±0.214E-05 0.725
1.09 0.714E-04±0.490E-05±0.513E-05 0.726 1.17 0.167E-04±0.213E-05±0.122E-05 0.725
1.11 0.652E-04±0.469E-05±0.469E-05 0.726 1.19 0.161E-04±0.243E-05±0.118E-05 0.725
1.13 0.344E-04±0.357E-05±0.248E-05 0.725 1.21 0.117E-04±0.193E-05±0.857E-06 0.724
1.15 0.312E-04±0.364E-05±0.224E-05 0.725 1.23 0.517E-05±0.125E-05±0.379E-06 0.724
1.17 0.303E-04±0.372E-05±0.218E-05 0.724 1.25 0.668E-05±0.167E-05±0.490E-06 0.724
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1.27 0.391E-05±0.118E-05±0.287E-06 0.723 0.73 0.865E-03±0.173E-04±0.654E-04 0.885
1.29 0.375E-05±0.128E-05±0.275E-06 0.723 0.75 0.778E-03±0.162E-04±0.588E-04 0.876
1.31 0.613E-05±0.154E-05±0.449E-06 0.723 0.77 0.642E-03±0.142E-04±0.486E-04 0.871
4.025 0.71 0.128E-02±0.224E-04±0.945E-04 0.893 0.79 0.575E-03±0.128E-04±0.435E-04 0.870
0.73 0.941E-03±0.170E-04=t0.697E-04 0.883 0.81 0.479E-03±0.108E-04±0.362E-04 0.869
0.75 0.842E-03±0.158E-04±0.624E-04 0.875 0.83 0.425E-03±0.108E-04±0.321E-04 0.866
0.77 0.747E-03±0.149E-04±0.554E-04 0.871 0.85 0.362E-03±0.106E-04±0.274E-04 0.862
0.79 0.603E-03±0.133E-04±0.447E-04 0.869 0.87 0.302E-03±0.951E-05±0.229E-04 0.858
0.81 0.564E-03±0.133E-04±0.418E-04 0.868 0.89 0.262E-03±0.906E-05±0.198E-04 0.861
0.83 0.468E-03±0.123E-04±0.347E-04 0.864 0.91 0.207E-03±0.788E-05±0.156E-04 0.866
0.85 0.411E-03±0.116E-04±0.305E-04 0.861 0.93 0.200E-03±0.742E-05±0.151E-04 0.860
0.87 0.333E-03±0.101E-04±0.247E-04 0.859 0.95 0.185E-03±0.710E-05±0.140E-04 0.823
0.89 0.274E-03±0.866E-05±0.203E-04 0.861 0.97 0.240E-03±0.861E-05±0.181E-04 0.777
0.91 0.219E-03±0.740E-05±0.162E-04 0.867 0.99 0.254E-03±0.965E-05±0.192E-04 0.730
0.93 0.203E-03±0.701E-05±0.150E-04 0.859 1.01 0.224E-03±0.880E-05±0.170E-04 0.730
0.95 0.233E-03±0.807E-05±0.172E-04 0.830 1.03 0.186E-03±0.800E-05±0.141E-04 0.729
0.97 0.293E-03±0.100E-04±0.217E-04 0.784 1.05 0.158E-03±0.763E-05±0.120E-04 0.729
0.99 0.307E-03±0.107E-04±0.227E-04 0.730 1.07 0.106E-03±0.613E-05±0.800E-05 0.728
1.01 0.255E-03±0.965E-05±0.189E-04 0.729 1.09 0.592E-04±0.422E-05±0.448E-05 0.728
1.03 0.220E-03±0.951E-05±0.163E-04 0.729 1.11 0.540E-04±0.476E-05±0.408E-05 0.727
1.05 0.155E-03±0.802E-05±0.115E-04 0.728 1.13 0.323E-04±0.339E-05±0.244E-05 0.727
1.07 0.929E-04±0.588E-05±0.688E-05 0.728 1.15 0.255E-04±0.303E-05±0.193E-05 0.726
1.09 0.836E-04±0.586E-05±0.619E-05 0.727 1.17 0.174E-04±0.246E-05±0.132E-05 0.726
1.11 0.496E-04±0.441E-05±0.368E-05 0.727 1.19 0.160E-04±0.269E-05±0.121E-05 0.725
1.13 0.415E-04±0.395E-05±0.308E-05 0.726 1.21 0.155E-04±0.274E-05±0.117E-05 0.725
1.15 0.230E-04±0.264E-05±0.170E-05 0.726 1.23 0.799E-05±0.175E-05±0.604E-06 0.725
1.17 0.174E-04±0.242E-05±0.129E-05 0.725 1.25 0.100E-04±0.208E-05±0.758E-06 0.724
1.19 0.159E-04±0.230E-05±0.118E-05 0.725 1.27 0.605E-05±0.146E-05±0.457E-06 0.724
1.21 0.101E-04±0.166E-05±0.746E-06 0.725 1.29 0.346E-05±0.110E-05±0.261E-06 0.724
1.23 0.112E-04±0.202E-05±0.827E-06 0.724 4.175 0.71 0.122E-02±0.221E-04±0.931E-04 0.896
1.25 0.732E-05±0.183E-05±0.542E-06 0.724 0.73 0.833E-03±0.169E-04±0.636E-04 0.885
1.27 0.715E-05±0.173E-05±0.530E-06 0.724 0.75 0.792E-03±0.169E-04±0.605E-04 0.876
1.29 0.766E-05±0.179E-05±0.568E-06 0.723 0.77 0.671E-03±0.153E-04±0.513E-04 0.871
1.31 0.204E-05±0.923E-06±0.151E-06 0.723 0.79 0.561E-03±0.134E-04±0.429E-04 0.870
4.075 0.71 0.127E-02±0.227E-04±0.949E-04 0.894 0.81 0.483E-03±0.110E-04±0.369E-04 0.869
0.73 0.882E-03±0.172E-04±0.661E-04 0.885 0.83 0.412E-03±0.997E-05±0.315E-04 0.866
0.75 0.802E-03±0.158E-04±0.601E-04 0.876 0.85 0.340E-03±0.965E-05±0.260E-04 0.862
0.77 0.678E-03±0.140E-04±0.508E-04 0.871 0.87 0.297E-03±0.946E-05±0.227E-04 0.858
0.79 0.590E-03±0.124E-04±0.442E-04 0.870 0.89 0.236E-03±0.844E-05±0.180E-04 0.861
0.81 0.522E-03±0.124E-04±0.391E-04 0.869 0.91 0.202E-03±0.777E-05±0.155E-04 0.866
0.83 0.479E-03±0.124E-04±0.359E-04 0.866 0.93 0.202E-03±0.788E-05±0.155E-04 0.860
0.85 0.377E-03±0.108E-04±0.282E-04 0.862 0.95 0.214E-03±0.840E-05±0.164E-04 0.823
0.87 0.344E-03±0.107E-04±0.257E-04 0.858 0.97 0.207E-03±0.831E-05±0.158E-04 0.777
0.89 0.265E-03±0.917E-05±0.199E-04 0.861 0.99 0.273E-03±0.101E-04±0.209E-04 0.730
0.91 0.221E-03±0.762E-05±0.165E-04 0.866 1.01 0.243E-03±0.937E-05±0.185E-04 0.730
0.93 0.195E-03±0.705E-05±0.146E-04 0.860 1.03 0.191E-03±0.828E-05±0.146E-04 0.729
0.95 0.220E-03±0.787E-05±0.165E-04 0.823 1.05 0 .128E-03±0.655E-05±0.975E-05 0.729
0.97 0.260E-03±0.930E-05±0.195E-04 0.777 1.07 0.876E-04±0.511E-05±0.669E-05 0.728
0.99 0.308E-03±0.110E-04±0.231E-04 0.730 1.09 0.650E-04±0.450E-05±0.497E-05 0.728
1.01 0.257E-03±0.984E-05±0.192E-04 0.730 1.11 0.421E-04±0.345E-05±0.322E-05 0.727
1.03 0.217E-03±0.892E-05±0.163E-04 0.729 1.13 0.302E-04±0.326E-05±0.231E-05 0.727
1.05 0.140E-03±0.700E-05±0.105E-04 0.729 1.15 0.199E-04±0.236E-05±0.152E-05 0.726
1.07 0.881E-04±0.564E-05±0.660E-05 0.728 1.17 0 .144E -04±0.206E -05±0.110E-05 0.726
1.09 0.647E-04±0.511E-05±0.485E-05 0.728 1.19 0.987E-05±0.166E-05±0.754E-06 0.725
1.11 0.514E-04±0.447E-05±0.385E-05 0.727 1.21 0.706E-05±0.171E-05±0.540E-06 0.725
1.13 0.331E-04±0.376E-05±0.248E-05 0.727 1.23 0 .103E-04±0.208E-05±0.786E-06 0.725
1.15 0.297E-04±0.365E-05±0.222E-05 0.726 1.25 0.569E-05±0.142E-05±0.434E-06 0.724
1.17 0.209E-04±0.288E-05±0.157E-05 0.726 1.27 0.232E-05±0.937E-06±0.177E-06 0.724
1.19 0.113E-04±0.229E-05±0.848E-06 0.725 1.29 0.325E-05±0.111E-05±0.248E-06 0.724
1.21 0.115E-04±0.212E-05±0.862E-06 0.725 4.225 0.71 0.110E-02±0.201E-04±0.851E-04 0.897
1.23 0.750E-05±0.160E-05±0.561E-06 0.725 0.73 0.813E-03±0.166E-04±0.628E-04 0.888
1.25 0.812E-05±0.173E-05±0.608E-06 0.724 0.75 0.708E-03±0.158E-04±0.547E-04 0.879
1.27 0.477E-05±0.130E-05±0.357E-06 0.724 0.77 0.606E-03±0.145E-04±0.468E-04 0.872
1.29 0.304E-05±0.104E-05±0.227E-06 0.724 0.79 0.538E-03±0.137E-04±0.415E-04 0.871
4.125 0.71 0.118E-02±0.222E-04±0.893E-04 0.895 0.81 0.448E-03±0.117E-04±0.346E-04 0.869
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0.83 0.391E-03±0.985E-05±0.302E-04 0.867 0.97 0.217E-03±0.887E-05±0.171E-04 0.787
0.85 0.312E-03±0.839E-05±0.241E-04 0.864 0.99 0.207E-03±0.907E-05±0.163E-04 0.733
0.87 0.283E-03±0.880E-05±0.219E-04 0.860 1.01 0.188E-03±0.881E-05±0.148E-04 0.732
0.89 0.240E-03±0.849E-05±0.185E-04 0.860 1.03 0.168E-03±0.829E-05±0.132E-04 0.731
0.91 0.197E-03±0.760E-05±0.152E-04 0.867 1.05 0.102E-03±0.629E-05±0.803E-05 0.731
0.93 0.170E-03±0.703E-05±0.131E-04 0.859 1.07 0.732E-04±0.502E-05±0.576E-05 0.730
0.95 0.181E-03±0.767E-05±0.140E-04 0.836 1.09 0.459E-04±0.358E-05±0.361E-05 0.730
0.97 0.213E-03±0.904E-05±0.165E-04 0.781 1.11 0.359E-04±0.326E-05±0.282E-05 0.729
0.99 0.239E-03±0.100E-04±0.185E-04 0.732 1.13 0.190E-04±0.221E-05±0.149E-05 0.729
1.01 0.229E-03±0.930E-05±0.177E-04 0.731 1.15 0.148E-04±0.195E-05±0.116E-05 0.728
1.03 0.162E-03±0.746E-05±0.125E-04 0.730 1.17 0.147E-04±0.218E-05±0.115E-05 0.728
1.05 0.122E-03±0.631E-05±0.944E-05 0.730 1.19 0.934E-05±0.172E-05±0.735E-06 0.727
1.07 0.787E-04±0.508E-05±0.608E-05 0.729 1.21 0.113E-04±0.189E-05±0.887E-06 0.727
1.09 0.560E-04±0.427E-05±0.432E-05 0.729 1.23 0.653E-05±0.158E-05±0.514E-06 0.726
1.11 0.417E-04±0.347E-05±0.322E-05 0.728 1.25 0.432E-05±0.123E-05±0.340E-06 0.726
1.13 0.318E-04±0.332E-05±0.246E-05 0.728 1.27 0.421E-05±0.120E-05±0.332E-06 0.726
1.15 0.184E-04±0.229E-05±0.142E-05 0.727 4.375 0.71 0.934E-03±0.168E-04±0.743E-04 0.900
1.17 0.145E-04±0.208E-05±0.112E-05 0.727 0.73 0.697E-03±0.134E-04±0.554E-04 0.893
1.19 0.912E-05±0.143E-05±0.704E-06 0.727 0.75 0.611E-03±0.133E-04±0.486E-04 0.882
1.21 0.749E-05±0.148E-05±0.578E-06 0.726 0.77 0.569E-03±0.133E-04±0.452E-04 0.875
1.23 0.783E-05±0.177E-05±0.604E-06 0.726 0.79 0.443E-03±0.121E-04±0.352E-04 0.871
1.25 0.261E-05±0.962E-06±0.201E-06 0.725 0.81 0.357E-03±0.110E-04±0.284E-04 0.869
1.27 0.491E-05±0.128E-05±0.379E-06 0.725 0.83 0.335E-03±0.111E-04±0.267E-04 0.869
4.275 0.71 0.105E-02±0.187E-04±0.820E-04 0.898 0.85 0.293E-03±0.925E-05±0.233E-04 0.865
0.73 0.799E-03±0.158E-04±0.623E-04 0.890 0.87 0.250E-03±0.816E-05±0.199E-04 0.862
0.75 0.695E-03±0.154E-04±0.542E-04 0.880 0.89 0.180E-03±0.631E-05±0.143E-04 0.863
0.77 0.581E-03±0.145E-04±0.453E-04 0.873 0.91 0.170E-03±0.640E-05±0.135E-04 0.865
0.79 0.505E-03±0.135E-04±0.394E-04 0.870 0.93 0 .146E-03±0.576E-05±0.116E-04 0.862
0.81 0.413E-03±0.118E-04±0.322E-04 0.869 0.95 0.172E-03±0.726E-05±0.137E-04 0.836
0.83 0.327E-03±0.930E-05±0.255E-04 0.868 0.97 0.173E-03±0.786E-05±0.137E-04 0.784
0.85 0.318E-03±0.888E-05±0.248E-04 0.864 0.99 0 .195E-03±0.866E-05±0.155E-04 0.733
0.87 0.275E-03±0.825E-05±0.215E-04 0.861 1.01 0.203E-03±0.932E-05±0.161E-04 0.733
0.89 0.231E-03±0.773E-05±0.180E-04 0.863 1.03 0.151E-03±0.774E-05±0.120E-04 0.732
0.91 0.183E-03±0.725E-05±0.143E-04 0.865 1.05 0.105E-03±0.650E-05±0.837E-05 0.731
0.93 0.185E-03±0.767E-05±0.144E-04 0.854 1.07 0.886E-04±0.587E-05±0.704E-05 0.731
0.95 0.183E-03±0.759E-05±0.143E-04 0.832 1.09 0.400E-04±0.374E-05±0.318E-05 0.730
0.97 0.211E-03±0.896E-05±0.164E-04 0.782 1.11 0.402E-04±0.367E-05±0.320E-05 0.730
0.99 0.192E-03±0.856E-05±0.150E-04 0.732 1.13 0 .189E-04±0.228E-05±0.150E-05 0.729
1.01 0.198E-03±0.903E-05±0.155E-04 0.732 1.15 0.166E-04±0.226E-05±0.132E-05 0.729
1.03 0.166E-03±0.803E-05±0.129E-04 0.731 1.17 0.129E-04±0.200E-05±0.103E-05 0.728
1.05 0.116E-03±0.631E-05±0.901E-05 0.730 1.19 0.101E-04±0.172E-05±0.799E-06 0.728
1.07 0.754E-04±0.462E-05±0.588E-05 0.730 1.21 0.953E-05±0.166E-05±0.758E-06 0.727
1.09 0.539E-04±0.410E-05±0.420E-05 0.729 1.23 0.686E-05±0.139E-05±0.545E-06 0.727
1.11 0.343E-04±0.310E-05±0.268E-05 0.729 1.25 0.261E-05±0.834E-06±0.208E-06 0.726
1.13 0.257E-04±0.267E-05±0.201E-05 0.728 1.27 0.196E-05±0.723E-06±0.156E-06 0.726
1.15 0.184E-04±0.222E-05±0.144E-05 0.728 1.29 0.229E-05±0.781E-06±0.182E-06 0.726
1.17 0.139E-04±0.199E-05±0.109E-05 0.727 4.425 0.71 0.977E-03±0.181E-04±0.784E-04 0.901
1.19 0.104E-04±0.169E-05±0.814E-06 0.727 0.73 0.664E-03±0.130E-04±0.532E-04 0.893
1.21 0.940E-05±0.163E-05±0.733E-06 0.726 0.75 0.579E-03±0.124E-04±0.465E-04 0.884
1.23 0.100E-04±0.184E-05±0.780E-06 0.726 0.77 0.499E-03±0.120E-04±0.400E-04 0.876
1.25 0.533E-05±0.139E-05±0.416E-06 0.726 0.79 0.430E-03±0.116E-04±0.345E-04 0.872
1.27 0.822E-05±0.175E-05±0.641E-06 0.725 0.81 0.395E-03±0.118E-04±0.317E-04 0.870
4.325 0.71 0.101E-02±0.177E-04±0.791E-04 0.899 0.83 0.332E-03±0.110E-04±0.266E-04 0.868
0.73 0.698E-03±0.142E-04±0.549E-04 0.891 0.85 0.267E-03±0.929E-05±0.214E-04 0.866
0.75 0.654E-03±0.141E-04±0.514E-04 0.882 0.87 0.248E-03±0.847E-05±0.199E-04 0.862
0.77 0.535E-03±0.133E-04±0.421E-04 0.874 0.89 0.215E-03±0.762E-05±0.172E-04 0.864
0.79 0.460E-03±0.125E-04±0.362E-04 0.871 0.91 0.159E-03±0.642E-05±0.128E-04 0.868
0.81 0.368E-03±0.109E-04±0.290E-04 0.870 0.93 0.143E-03±0.584E-05=t0.115E-04 0.855
0.83 0.348E-03±0.106E-04±0.274E-04 0.868 0.95 0 .173E-03±0.688E-05±0.138E-04 0.826
0.85 0.312E-03±0.911E-05±0.246E-04 0.864 0.97 0.188E-03±0.761E-05±0.151E-04 0.790
0.87 0.269E-03±0.822E-05±0.212E-04 0.863 0.99 0 .193E-03±0.847E-05±0.155E-04 0.734
0.89 0.185E-03=b0.641E-05=h0.146E-04 0.863 1.01 0.177E-03±0.852E-05±0.142E-04 0.733
0.91 0.174E-03±0.650E-05±0.137E-04 0.865 1.03 0 .135E-03±0.742E-05±0.108E-04 0.732
0.93 0.164E-03±0.676E-05±0.129E-04 0.857 1.05 0.112E-03±0.677E-05±0.899E-05 0.732
0.95 0.165E-03±0.723E-05±0.130E-04 0.829 1.07 0.591E-04±0.448E-05±0.474E-05 0.731
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1.09 0.377E-04±0.342E-05±0.302E-05 0.731 1.21 0.440E-05±0.110E-05±0.360E-06 0.728
1.11 0.434E-04±0.436E-05±0.348E-05 0.730 1.23 0.556E-05±0.130E-05±0.454E-06 0.728
1.13 0.276E-04±0.309E-05±0.221E-05 0.729 1.25 0.344E-05±0.110E-05±0.282E-06 0.728
1.15 0.196E-04±0.246E-05±0.157E-05 0.729 1.27 0.260E-05±0.886E-06±0.212E-06 0.727
1.17 0.134E-04±0.237E-05±0.107E-05 0.728 4.575 0.71 0.915E-03±0.159E-04±0.757E-04 0.904
1.19 0.145E-04±0.252E -05±0.116E-05 0.728 0.73 0.640E-03±0.123E-04±0.529E-04 0.897
1.21 0.852E-05±0.193E-05±0.684E-06 0.728 0.75 0.573E-03±0.125E-04±0.474E-04 0.888
1.23 0.624E-05±0.151E-05±0.500E-06 0.727 0.77 0.460E-03±0.111E-04±0.381E-04 0.878
1.25 0.356E-05±0.114E-05±0.285E-06 0.727 0.79 0.379E-03±0.986E-05±0.313E-04 0.873
1.27 0.368E-05±0.136E-05±0.295E-06 0.726 0.81 0.316E-03±0.911E-05±0.261E-04 0.871
1.29 0.367E-05±0.135E-05±0.294E-06 0.726 0.83 0.267E-03±0.884E-05±0.221E-04 0.869
4.475 0.71 0.939E-03±0.166E-04±0.760E-04 0.902 0.85 0.246E-03±0.911E-05±0.203E-04 0.866
0.73 0.643E-03±0.131E-04±0.521E-04 0.894 0.87 0.190E-03±0.790E-05±0.157E-04 0.864
0.75 0.534E-03±0.115E-04±0.433E-04 0.885 0.89 0.162E-03±0.687E-05±0.134E-04 0.862
0.77 0.456E-03±0.110E-04±0.369E-04 0.877 0.91 0 .143E-03±0.633E-05±0.118E-04 0.867
0.79 0.428E-03±0.113E-04±0.346E-04 0.872 0.93 0.118E-03±0.556E-05±0.973E-05 0.859
0.81 0.375E-03±0.110E-04±0.304E-04 0.871 0.95 0.119E-03±0.562E-05±0.980E-05 0.830
0.83 0.323E-03±0.107E-04±0.262E-04 0.868 0.97 0.154E-03±0.707E-05±0.128E-04 0.786
0.85 0.236E-03±0.876E-05±0.191E-04 0.866 0.99 0.173E-03±0.761E-05±0.143E-04 0.735
0.87 0.228E-03±0.830E-05±0.185E-04 0.863 1.01 0.147E-03±0.694E-05±0.122E-04 0.735
0.89 0.182E-03±0.713E-05±0.147E-04 0.863 1.03 0.987E-04±0.525E-05±0.816E-05 0.734
0.91 0.167E-03±0.662E-05±0.136E-04 0.864 1.05 0.940E-04±0.539E-05±0.777E-05 0.733
0.93 0.140E-03±0.595E-05±0.114E-04 0.859 1.07 0.628E-04±0.486E-05±0.519E-05 0.733
0.95 0.163E-03±0.639E-05±0.132E-04 0.838 1.09 0.326E-04±0.302E-05±0.270E-05 0.732
0.97 0.157E-03±0.646E-05±0.127E-04 0.790 1.11 0.332E-04±0.361E-05±0.275E-05 0.731
0.99 0.200E-03±0.835E-05±0.162E-04 0.734 1.13 0.207E-04±0.276E-05±0.172E-05 0.731
1.01 0.192E-03±0.902E-05±0.156E-04 0.734 1.15 0.278E-04±0.366E-05±0.230E-05 0.730
1.03 0.125E-03±0.715E-05±0.102E-04 0.733 1.17 0.109E-04±0.177E-05±0.900E-06 0.730
1.05 0.930E-04±0.608E-05±0.753E-05 0.732 1.19 0.834E-05=t0.178E-05±0.690E-06 0.729
1.07 0.615E-04±0.484E-05±0.498E-05 0.732 1.21 0.461E-05±0.104E-05±0.381E-06 0.729
1.09 0.475E-04±0.429E-05±0.384E-05 0.731 1.23 0.278E-05±0.794E-06±0.230E-06 0.728
1.11 0.328E-04±0.370E-05±0.266E-05 0.730 4.625 0.71 0.882E-03±0.151E-04±0.736E-04 0.905
1.13 0.146E-04±0.194E-05±0.118E-05 0.730 0.73 0.649E-03±0.124E-04±0.542E-04 0.898
1.15 0.106E-04±0.159E-05±0.855E-06 0.729 0.75 0.521E-03±0.110E-04±0.435E-04 0.889
1.17 0.125E-04±0.203E-05±0.101E-05 0.729 0.77 0.469E-03±0.115E-04±0.391E-04 0.879
1.19 0.793E-05±0.156E-05±0.643E-06 0.728 0.79 0.365E-03±0.968E-05±0.305E-04 0.874
1.21 0.633E-05±0.135E-05±0.513E-06 0.728 0.81 0.292E-03d=0.856E-05±0.243E-04 0.871
1.23 0.558E-05±0.130E-05±0.452E-06 0.728 0.83 0.244E-03±0.819E-05=t0.204E-04 0.869
1.25 0.334E-05±0.953E-06±0.270E-06 0.727 0.85 0.218E-03±0.793E-05±0.182E-04 0.867
1.27 0.278E-05±0.889E-06±0.226E-06 0.727 0.87 0.191E-03±0.764E-05±0.160E-04 0.864
4.525 0.71 0.899E-03±0.159E-04±0.735E-04 0.903 0.89 0.171E-03±0.748E-05±0.143E-04 0.863
0.73 0.665E-03±0.129E-04±0.544E-04 0.896 0.91 0.148E-03±0.688E-05±0.124E-04 0.867
0.75 0.547E-03±0.120E-04±0.447E-04 0.886 0.93 0.115E-03±0.558E-05±0.956E-05 0.863
0.77 0.465E-03±0.110E-04±0.380E-04 0.877 0.95 0.116E-03±0.582E-05±0.971E-05 0.836
0.79 0.380E-03±0.101E-04±0.311E-04 0.873 0.97 0.162E-03±0.732E-05±0.135E-04 0.791
0.81 0.357E-03±0.101E-04±0.292E-04 0.870 0.99 0.160E-03±0.749E-05±0.134E-04 0.736
0.83 0.276E-03±0.907E-05±0.226E-04 0.869 1.01 0.122E-03±0.620E-05±0.102E-04 0.735
0.85 0.262E-03±0.948E-05±0.215E-04 0.866 1.03 0.109E-03±0.601E-05±0.908E-05 0.734
0.87 0.218E-03±0.836E-05±0.178E-04 0.863 1.05 0.840E-04±0.517E-05±0.701E-05 0.734
0.89 0.176E-03±0.719E-05±0.144E-04 0.864 1.07 0.515E-04±0.377E-05±0.430E-05 0.733
0.91 0.147E-03±0.642E-05±0.120E-04 0.866 1.09 0.405E-04±0.350E-05±0.338E-05 0.732
0.93 0.131E-03=fc0.578E-05±0.107E-04 0.862 1.11 0.282E-04±0.306E-05±0.235E-05 0.732
0.95 0.145E-03±0.635E-05±0.118E-04 0.831 1.13 0.184E-04±0.239E-05±0.153E-05 0.731
0.97 0.144E-03±0.644E-05±0.118E-04 0.786 1.15 0.113E-04±0.187E-05±0.946E-06 0.731
0.99 0.176E-03±0.740E-05±0.144E-04 0.735 1.17 0.965E-05±0.178E-05±0.806E-06 0.730
1.01 0.171E-03±0.768E-05±0.140E-04 0.734 1.19 0.596E-05±0.131E-05±0.497E-06 0.730
1.03 0.114E-03±0.611E-05±0.934E-05 0.733 1.21 0.791E-05±0.164E-05±0.660E-06 0.729
1.05 0.848E-04±0.557E-05±0.694E-05 0.733 1.23 0.516E-05±0.116E-05±0.431E-06 0.729
1.07 0.552E-04±0.446E-05±0.452E-05 0.732 4.675 0.71 0.800E-03±0.134E-04±0.673E-04 0.907
1.09 0.381E-04±0.390E-05±0.312E-05 0.731 0.73 0 .593E -03± 0 .114E-04±0.499E-04 0.899
1.11 0.233E-04±0.269E-05±0.191E-05 0.731 0.75 0 .531E -03± 0 .1 llE -04±0.446E -04 0.890
1.13 0.145E-04±0.221E-05±0.118E-05 0.730 0.77 0.464E-03±0.108E-04±0.390E-04 0.880
1.15 0.165E-04±0.238E-05±0.135E-05 0.730 0.79 0.358E-03±0.101E-04±0.301E-04 0.874
1.17 0.116E-04±0.205E-05±0.948E-06 0.729 0.81 0.297E-03±0.865E-05±0.250E-04 0.872
1.19 0.110E-04±0.211E-05±0.896E-06 0.729 0.83 0.235E-03±0.766E-05±0.198E-04 0.870
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0.85 0.217E-03±0.808E-05±0.183E-04 0.867 1.07 0.432E-04±0.362E-05±0.371E-05 0.735
0.87 0.170E-03±0.698E-05±0.143E-04 0.866 1.09 0.291E-04±0.288E-05±0.250E-05 0.734
0.89 0.150E-03±0.688E-05±0.127E-04 0.863 1.11 0.252E-04±0.283E-05±0.217E-05 0.733
0.91 0.120E-03±0.594E-05±0.101E-04 0.864 1.13 0.149E-04±0.198E-05±0.128E-05 0.733
0.93 0.109E-03±0.545E-05±0.920E-05 0.862 1.15 0.101E-04±0.142E-05±0.866E-06 0.732
0.95 0.126E-03±0.614E-05±0.106E-04 0.835 1.17 0.122E-04±0.208E-05±0.105E-05 0.731
0.97 0.135E-03±0.677E-05±0.114E-04 0.791 1.19 0.586E-05±0.132E-05±0.504E-06 0.731
0.99 0.157E-03±0.794E-05±0.132E-04 0.736 1.21 0.902E-05±0.198E-05±0.775E-06 0.730
1.01 0.145E-03±0.733E-05±0.122E-04 0.736 1.23 0.428E-05±0.129E-05±0.367E-06 0.730
1.03 0.105E-03±0.595E-05±0.881E-05 0.735 4.825 0.71 0.742E-03±0.130E-04±0.643E-04 0.910
1.05 0.860E-04±0.537E-05±0.723E-05 0.734 0.73 0.540E-03±0.103E-04±0.467E-04 0.902
1.07 0.512E-04±0.385E-05±0.431E-05 0.734 0.75 0.470E-03±0.945E-05±0.407E-04 0.894
1.09 0.312E-04±0.267E-05±0.262E-05 0.733 0.77 0.398E-03±0.935E-05±0.345E-04 0.884
1.11 0.248E-04±0.257E-05±0.208E-05 0.732 0.79 0.347E-03±0.906E-05±0.301E-04 0.876
1.13 0.204E-04±0.251E-05±0.172E-05 0.732 0.81 0.282E-03±0.821E-05±0.245E-04 0.874
1.15 0.103E-04±0.179E-05±0.867E-06 0.731 0.83 0.239E-03±0.818E-05±0.207E-04 0.871
1.17 0.171E-04±0.265E-05±0.144E-05 0.731 0.85 0.180E-03±0.702E-05±0.156E-04 0.869
1.19 0.524E-05±0.158E-05±0.441E-06 0.730 0.87 0.155E-03±0.623E-05±0.134E-04 0.867
1.21 0.105E-04±0.237E-05±0.882E-06 0.730 0.89 0 .123E-03±0.556E-05±0.107E-04 0.866
1.23 0.340E-05±0.109E-05±0.286E-06 0.729 0.91 0.106E-03±0.521E-05±0.921E-05 0.865
4.725 0.71 0.788E-03±0.135E-04±0.670E-04 0.908 0.93 0.108E-03±0.536E-05±0.939E-05 0.857
0.73 0.589E-03±0.108E-04±0.501E-04 0.900 0.95 0.106E-03±0.550E-05±0.917E-05 0.835
0.75 0.506E-03±0.108E-04±0.430E-04 0.891 0.97 0 .127E-03±0.688E-05±0.110E-04 0.789
0.77 0.442E-03±0.103E-04±0.375E-04 0.882 0.99 0.122E-03±0.668E-05±0.105E-04 0.738
0.79 0.381E-03±0.100E-04±0.324E-04 0.876 1.01 0.101E-03±0.619E-05±0.873E-05 0.737
0.81 0.299E-03±0.920E-05±0.254E-04 0.873 1.03 0.870E-04±0.568E-05±0.753E-05 0.737
0.83 0.234E-03±0.792E-05±0.199E-04 0.871 1.05 0.581E-04±0.455E-05±0.504E-05 0.736
0.85 0.188E-03±0.684E-05±0.160E-04 0.868 1.07 0.392E-04±0.367E-05±0.340E-05 0.735
0.87 0.176E-03±0.699E-05±0.149E-04 0.866 1.09 0.363E-04±0.376E-05±0.315E-05 0.734
0.89 0.153E-03±0.668E-05±0.130E-04 0.864 1.11 0.245E-04±0.277E-05±0.212E-05 0.734
0.91 0.128E-03±0.602E-05±0.108E-04 0.866 1.13 0.186E-04±0.266E-05±0.161E-05 0.733
0.93 0.112E-03±0.564E-05±0.950E-05 0.861 1.15 0.884E-05±0.174E-05±0.765E-06 0.732
0.95 0.111E-03±0.582E-05±0.940E-05 0.838 1.17 0.990E-05±0.205E-05±0.858E-06 0.732
0.97 0.129E-03±0.684E-05±0.109E-04 0.790 1.19 0.778E-05±0.157E-05±0.674E-06 0.731
0.99 0.141E-03±0.731E-05±0.120E-04 0.737 1.21 0.745E-05±0.180E-05±0.645E-06 0.731
1.01 0.118E-03±0.660E-05±0.101E-04 0.736 1.23 0.382E-05±0.U 5E -05±0.331E-06 0.730
1.03 0.916E-04±0.554E-05±0.778E-05 0.735 1.25 0.337E-05±0.961E-06±0.291E-06 0.730
1.05 0.758E-04±0.497E-05±0.644E-05 0.735 4.875 0.71 0.709E-03±0.126E-04±0.620E-04 0.912
1.07 0.492E-04±0.396E-05±0.418E-05 0.734 0.73 0.507E-03±0.990E-05±0.444E-04 0.903
1.09 0.286E-04±0.270E-05±0.243E-05 0.733 0.75 0.473E-03±0.954E-05±0.414E-04 0.895
1.11 0.214E-04±0.249E-05±0.182E-05 0.733 0.77 0.386E-03±0.872E-05±0.338E-04 0.885
1.13 0.207E-04±0.244E-05±0.176E-05 0.732 0.79 0.333E-03±0.876E-05±0.291E-04 0.877
1.15 0.109E-04±0.177E-05±0.927E-06 0.732 0.81 0.268E-03±0.785E-05±0.235E-04 0.874
1.17 0.139E-04±0.215E-05±0.118E-05 0.731 0.83 0.234E-03±0.752E-05±0.205E-04 0.871
1.19 0.501E-05±0.131E-05±0.426E-06 0.730 0.85 0.184E-03±0.705E-05±0.161E-04 0.869
1.21 0.823E-05±0.171E-05±0.700E-06 0.730 0.87 0.173E-03±0.734E-05±0.151E-04 0.867
1.23 0.641E-05±0.145E-05±0.545E-06 0.730 0.89 0.121E-03±0.547E-05±0.106E-04 0.867
4.775 0.71 0.761E-03±0.131E-04±0.654E-04 0.910 0.91 0 .104E-03±0.498E-05±0.909E-05 0.866
0.73 0.561E-03±0.103E-04±0.482E-04 0.901 0.93 0.943E-04=b0.511E-05±0.825E-05 0.858
0.75 0.477E-03±0.100E-04±0.410E-04 0.893 0.95 0.958E-04±0.506E-05±0.838E-05 0.841
0.77 0.430E-03±0.100E-04±0.369E-04 0.883 0.97 0.101E-03±0.532E-05±0.880E-05 0.794
0.79 0.358E-03±0.921E-05±0.307E-04 0.876 0.99 0.983E-04±0.587E-05±0.860E-05 0.739
0.81 0.290E-03±0.863E-05±0.249E-04 0.872 1.01 0.928E-04±0.594E-05±0.812E-05 0.738
0.83 0.228E-03±0.789E-05±0.196E-04 0.871 1.03 0.739E-04±0.524E-05±0.647E-05 0.737
0.85 0.205E-03±0.750E-05±0.176E-04 0.869 1.05 0.631E-04±0.504E-05±0.552E-05 0.736
0.87 0.150E-03±0.613E-05±0.129E-04 0.866 1.07 0.547E-04±0.491E-05±0.479E-05 0.736
0.89 0.133E-03±0.606E-05±0.114E-04 0.864 1.09 0.245E-04±0.279E-05±0.215E-05 0.735
0.91 0.129E-03±0.630E-05±0.111E-04 0.864 1.11 0.205E-04±0.265E-05±0.180E-05 0.734
0.93 0.947E-04±0.486E-05±0.813E-05 0.862 1.13 0.942E-05±0.181E-05±0.824E-06 0.734
0.95 0.106E-03±0.561E-05±0.913E-05 0.837 1.15 0.981E-05±0.167E-05±0.859E-06 0.733
0.97 0.109E-03±0.589E-05±0.939E-05 0.791 1.17 0.539E-05±0.115E-05±0.472E-06 0.732
0.99 0.121E-03±0.664E-05±0.104E-04 0.738 1.19 0.382E-05±0.957E-06±0.334E-06 0.732
1.01 0.131E-03±0.720E-05±0.113E-04 0.737 1.21 0.504E-05±0.107E-05±0.441E-06 0.731
1.03 0.995E-04±0.603E-05±0.854E-05 0.736 1.23 0.289E-05±0.922E-06±0.253E-06 0.731
1.05 0.672E-04±0.497E-05±0.577E-05 0.735 4.925 0.71 0.673E-03±0.125E-04±0.594E-04 0.914
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0.73 0.530E-03±0.102E-04±0.468E-04 0.904 0.97 0.807E-04±0.468E-05±0.727E-05 0.799
0.75 0.455E-03±0.939E-05±0.402E-04 0.896 0.99 0.933E-04±0.532E-05±0.839E-05 0.741
0.77 0.378E-03±0.862E-05±0.334E-04 0.886 1.01 0.679E-04±0.431E-05±0.611E-05 0.740
0.79 0.318E-03±0.803E-05±0.281E-04 0.878 1.03 0.778E-04±0.518E-05=t0.700E-05 0.739
0.81 0.277E-03±0.805E-05±0.244E-04 0.874 1.05 0.500E-04±0.387E-05±0.450E-05 0.738
0.83 0.232E-03±0.749E-05±0.204E-04 0.872 1.07 0.337E-04±0.314E-05±0.303E-05 0.737
0.85 0.177E-03±0.645E-05±0.157E-04 0.869 1.09 0.293E-04±0.344E-05±0.263E-05 0.736
0.87 0.150E-03±0.650E-05±0.132E-04 0.867 1.11 0.161E-04±0.233E-05±0.145E-05 0.736
0.89 0.110E-03±0.533E-05±0.972E-05 0.865 1.13 0.794E-05±0.156E-05±0.715E-06 0.735
0.91 0.104E-03±0.508E-05±0.917E-05 0.867 1.15 0.146E-04±0.241E-05±0.131E-05 0.734
0.93 0.958E-04±0.509E-05±0.846E-05 0.861 1.17 0 .108E-04±0.218E-05±0.970E-06 0.734
0.95 0.776E-04±0.439E-05±0.685E-05 0.837 1.19 0.106E-04±0.225E-05±0.950E-06 0.733
0.97 0.890E-04±0.502E-05±0.786E-05 0.795 1.21 0.229E-05±0.103E-05±0.206E-06 0.733
0.99 0.105E-03±0.575E-05±0.926E-05 0.739 1.23 0.387E-05±0.132E-05±0.348E-06 0.732
1.01 0.957E-04±0.565E-05±0.845E-05 0.739 5.075 0.71 0.631E-03±0.142E-04±0.573E-04 0.919
1.03 0.690E-04±0.498E-05±0.610E-05 0.738 0.73 0.426E-03±0.100E-04±0.388E-04 0.909
1.05 0.568E-04±0.441E-05±0.501E-05 0.737 0.75 0.399E-03±0.890E-05±0.363E-04 0.900
1.07 0.402E-04±0.381E-05±0.355E-05 0.736 0.77 0.344E-03±0.811E-05d=0.313E-04 0.890
1.09 0.250E-04±0.289E-05±0.221E-05 0.735 0.79 0.293E-03±0.758E-05±0.266E-04 0.881
1.11 0.135E-04±0.219E-05±0.119E-05 0.735 0.81 0.241E-03±0.688E-05±0.219E-04 0.875
1.13 0.114E-04±0.184E-05±0.100E-05 0.734 0.83 0.219E-03±0.668E-05±0.199E-04 0.873
1.15 0.882E-05±0.178E-05±0.779E-06 0.733 0.85 0.171E-03±0.628E-05±0.155E-04 0.871
1.17 0.117E-04±0.212E-05±0.104E-05 0.733 0.87 0.142E-03±0.573E-05±0.129E-04 0.869
1.19 0.700E-05±0.163E-05±0.618E-06 0.732 0.89 0.109E-03±0.496E-05±0.991E-05 0.867
1.21 0.387E-05±0.124E-05±0.342E-06 0.732 0.91 0.882E-04±0.460E-05±0.802E-05 0.866
1.23 0.649E-05±0.163E-05±0.573E-06 0.731 0.93 0.651E-04±0.431E-05±0.592E-05 0.865
4.975 0.71 0.640E-03±0.131E-04±0.570E-04 0.915 0.95 0.811E-04±0.468E-05±0.737E-05 0.845
0.73 0.503E-03±0.988E-05±0.448E-04 0.906 0.97 0.873E-04±0.514E-05±0.794E-05 0.798
0.75 0.436E-03±0.918E-05±0.389E-04 0.897 0.99 0.881E-04±0.514E-05±0.800E-05 0.741
0.77 0.365E-03±0.837E-05±0.326E-04 0.888 1.01 0.768E-04±0.478E-05±0.698E-05 0.740
0.79 0.307E-03±0.767E-05±0.273E-04 0.880 1.03 0.534E-04±0.381E-05±0.486E-05 0.739
0.81 0.255E-03±0.729E-05±0.227E-04 0.874 1.05 0.373E-04±0.318E-05±0.339E-05 0.739
0.83 0.223E-03±0.725E-05±0.199E-04 0.872 1.07 0.302E-04±0.299E-05±0.274E-05 0.738
0.85 0.168E-03±0.623E-05±0.149E-04 0.869 1.09 0.147E-04±0.186E-05±0.134E-05 0.737
0.87 0.152E-03±0.623E-05±0.135E-04 0.868 1.11 0.168E-04±0.226E-05±0.152E-05 0.736
0.89 0.109E-03±0.554E-05±0.972E-05 0.867 1.13 0.791E-05d=0.152E-05±0.719E-06 0.736
0.91 0.889E-04±0.477E-05±0.792E-05 0.868 1.15 0.686E-05±0.138E-05±0.623E-06 0.735
0.93 0.806E-04±0.431E-05±0.718E-05 0.863 1.17 0.490E-05±0.114E-05±0.445E-06 0.734
0.95 0.847E-04±0.471E-05±0.755E-05 0.840 1.19 0.205E-05±0.755E-06±0.186E-06 0.734
0.97 0.923E-04±0.503E-05±0.822E-05 0.798 1.21 0.174E-05±0.703E-06±0.158E-06 0.733
0.99 0.107E-03±0.603E-05±0.956E-05 0.740 1.23 0.313E-05±0.944E-06±0.285E-06 0.732
1.01 0.970E-04±0.574E-05±0.864E-05 0.739 5.125 0.71 0.647E-03±0.132E-04±0.593E-04 0.920
1.03 0.798E-04±0.527E-05±0.71 IE-05 0.738 0.73 0.425E-03±0.107E-04±0.390E-04 0.910
1.05 0.531E-04±0.414E-05±0.473E-05 0.737 0.75 0.339E-03±0.838E-05±0.311E-04 0.901
1.07 0.283E-04±0.303E-05±0.252E-05 0.737 0.77 0.319E-03±0.781E-05±0.293E-04 0.891
1.09 0.277E-04±0.295E-05±0.247E-05 0.736 0.79 0.273E-03±0.724E-05±0.250E-04 0.882
1.11 0.200E-04±0.258E-05±0.178E-05 0.735 0.81 0.250E-03±0.712E-05±0.230E-04 0.876
1.13 0.144E-04±0.211E-05±0.128E-05 0.735 0.83 0.196E-03±0.614E-05±0.180E-04 0.874
1.15 0.842E-05±0.170E-05±0.750E-06 0.734 0.85 0.175E-03±0.601E-05±0.161E-04 0.871
1.17 0.709E-05±0.151E-05±0.631E-06 0.733 0.87 0.135E-03±0.551E-05±0.124E-04 0.869
1.19 0.745E-05±0.154E-05±0.664E-06 0.733 0.89 0.112E-03±0.499E-05±0.103E-04 0.869
1.21 0.285E-05±0.973E-06±0.254E-06 0.732 0.91 0.965E-04±0.475E-05±0.885E-05 0.866
5.025 0.71 0.661E-03±0.144E-04±0.595E-04 0.917 0.93 0.777E-04±0.432E-05±0.712E-05 0.862
0.73 0.464E-03±0.974E-05±0.418E-04 0.907 0.95 0.796E-04±0.485E-05±0.730E-05 0.837
0.75 0.392E-03±0.855E-05±0.353E-04 0.898 0.97 0.734E-04±0.461E-05±0.673E-05 0.800
0.77 0.338E-03±0.799E-05±0.304E-04 0.889 0.99 0.771E-04±0.480E-05±0.707E-05 0.742
0.79 0.289E-03±0.746E-05±0.260E-04 0.880 1.01 0.644E-04±0.433E-05±0.591E-05 0.741
0.81 0.280E-03±0.753E-05±0.252E-04 0.876 1.03 0.628E-04±0.440E-05±0.576E-05 0.740
0.83 0.217E-03±0.689E-05±0.195E-04 0.873 1.05 0.358E-04±0.311E-05±0.328E-05 0.739
0.85 0.175E-03±0.655E-05±0.157E-04 0.870 1.07 0.380E-04±0.345E-05±0.348E-05 0.738
0.87 0.152E-03±0.613E-05±0.137E-04 0.868 1.09 0 .181E-04=t0.223E-05±0.166E-05 0.738
0.89 0.122E-03±0.554E-05±0.110E-04 0.866 1.11 0.138E-04±0.200E-05zt0.127E-05 0.737
0.91 0.101E-03=t0.555E-05±0.909E-05 0.866 1.13 0.120E-04±0.216E-05±0.110E-05 0.736
0.93 0.870E-04±0.487E-05±0.783E-05 0.862 1.15 0.836E-05±0.169E-05±0.767E-06 0.735
0.95 0.817E-04±0.465E-05±0.735E-05 0.837 1.17 0.496E-05±0.129E-05±0.455E-06 0.735
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1.19 0.573E-05±0.138E-05±0.525E-06 0.734 0.91 0.876E-04±0.423E-05±0.826E-05 0.867
1.21 0.375E-05±0.113E-05±0.344E-06 0.733 0.93 0.753E-04±0.413E-05±0.710E-05 0.864
1.23 0.250E-05=t0.923E-06±0.230E-06 0.733 0.95 0.675E-04±0.408E-05±0.636E-05 0.840
5.175 0.71 0.615E-03±0.120E-04±0.570E-04 0.922 0.97 0.632E-04±0.415E-05±0.596E-05 0.800
0.73 0.437E-03±0.106E-04±0.405E-04 0.911 0.99 0.719E-04±0.471E-05±0.678E-05 0.744
0.75 0.368E-03±0.959E-05±0.341E-04 0.902 1.01 0.733E-04±0.542E-05±0.691E-05 0.743
0.77 0.310E-03±0.791E-05±0.287E-04 0.893 1.03 0.523E-04±0.399E-05±0.493E-05 0.742
0.79 0.255E-03±0.677E-05±0.236E-04 0.883 1.05 0.379E-04±0.338E-05±0.357E-05 0.741
0.81 0.224E-03±0.650E-05±0.208E-04 0.877 1.07 0.247E-04±0.257E-05±0.233E-05 0.740
0.83 0.198E-03±0.624E-05±0.183E-04 0.874 1.09 0.228E-04±0.264E-05±0.215E-05 0.739
0.85 0 .148E-03±0.527E-05±0.137E-04 0.873 1.11 0.106E-04±0.163E-05±0.995E-06 0.738
0.87 0.126E-03±0.508E-05±0.116E-04 0.870 1.13 0.942E-05±0.181E-05±0.888E-06 0.738
0.89 0.110E-03±0.502E-05±0.102E-04 0.868 1.15 0.792E-05±0.169E-05±0.747E-06 0.737
0.91 0.835E-04±0.445E-05±0.773E-05 0.866 1.17 0.445E-05±0.127E-05±0.420E-06 0.736
0.93 0.793E-04±0.451E-05±0.734E-05 0.862 1.19 0.468E-05±0.141E-05±0.442E-06 0.736
0.95 0.741E-04±0.445E-05±0.686E-05 0.845 1.21 0.323E-05±0.119E-05±0.305E-06 0.735
0.97 0.755E-04±0.508E-05±0.699E-05 0.802 5.325 0.71 0.521E-03±0.105E-04±0.496E-04 0.927
0.99 0.774E-04±0.504E-05±0.717E-05 0.743 0.73 0.397E-03±0.871E-05±0.378E-04 0.915
1.01 0.747E-04=fc0.501E-05±0.692E-05 0.742 0.75 0.337E-03±0.837E-05±0.321E-04 0.906
1.03 0.446E-04±0.337E-05±0.413E-05 0.741 0.77 0.294E-03±0.899E-05±0.280E-04 0.897
1.05 0.364E-04±0.31 lE-05±0.337E-05 0.740 0.79 0.241E-03±0.774E-05±0.229E-04 0.887
1.07 0.292E-04±0.281E-05±0.271E-05 0.739 0.81 0.207E-03±0.663E-05±0.197E-04 0.879
1.09 0.162E-04±0.209E-05±0.150E-05 0.738 0.83 0.165E-03±0.560E-05±0.157E-04 0.876
1.11 0.171E-04±0.261E-05±0.158E-05 0.737 0.85 0.130E-03±0.488E-05±0.124E-04 0.873
1.13 0.911E-05±0.161E-05±0.843E-06 0.737 0.87 0.118E-03±0.478E-05±0.113E-04 0.872
1.15 0.101E-04±0.191E-05±0.939E-06 0.736 0.89 0.101E-03±0.445E-05±0.958E-05 0.869
1.17 0.558E-05±0.146E-05±0.517E-06 0.735 0.91 0.841E-04±0.402E-05±0.801E-05 0.869
1.19 0.718E-05±0.173E-05±0.665E-06 0.735 0.93 0.686E-04±0.395E-05±0.653E-05 0.866
1.21 0.485E-05±0.139E-05±0.450E-06 0.734 0.95 0.698E-04±0.420E-05±0.664E-05 0.846
5.225 0.71 0.582E-03±0.114E-04±0.544E-04 0.924 0.97 0.685E-04±0.410E-05±0.652E-05 0.800
0.73 0.457E-03±0.103E-04±0.428E-04 0.912 0.99 0.726E-04±0.471E-05±0.691E-05 0.745
0.75 0.368E-03±0.992E-05±0.344E-04 0.903 1.01 0.583E-04±0.428E-05±0.555E-05 0.744
0.77 0.326E-03±0.884E-05±0.305E-04 0.894 1.03 0.596E-04±0.472E-05±0.567E-05 0.743
0.79 0.275E-03±0.745E-05±0.257E-04 0.885 1.05 0.351E-04±0.321E-05±0.334E-05 0.742
0.81 0.214E-03±0.642E-05±0.200E-04 0.878 1.07 0.231E-04±0.239E-05±0.220E-05 0.741
0.83 0.176E-03±0.582E-05±0.165E-04 0.875 1.09 0.183E-04±0.219E-05±0.174E-05 0.740
0.85 0.152E-03±0.537E-05±0.142E-04 0.872 1.11 0.133E-04±0.173E-05±0.126E-05 0.739
0.87 0.125E-03±0.475E -05±0.U 7E-04 0.869 1.13 0.875E-05±0.155E-05±0.833E-06 0.738
0.89 0.117E-03±0.509E-05±0.109E-04 0.868 1.15 0.706E-05±0.159E-05±0.672E-06 0.737
0.91 0.870E-04±0.434E-05±0.813E-05 0.867 1.17 0.214E-05±0.729E-06±0.203E-06 0.737
0.93 0.770E-04±0.433E-05±0.720E-05 0.863 1.19 0.286E-05±0.913E-06±0.272E-06 0.736
0.95 0.763E-04±0.444E-05±0.714E-05 0.839 1.21 0.225E-05±0.828E-06±0.214E-06 0.735
0.97 0.818E-04±0.506E-05±0.765E-05 0.799 5.375 0.71 0.501E-03±0.109E-04±0.480E-04 0.930
0.99 0.818E-04±0.534E-05±0.765E-05 0.743 0.73 0.386E-03±0.845E-05±0.370E-04 0.917
1.01 0.780E-04±0.537E-05±0.729E-05 0.742 0.75 0.350E-03±0.828E-05±0.336E-04 0.907
1.03 0.445E-04±0.331E-05±0.416E-05 0.741 0.77 0.292E-03±0.822E-05±0.281E-04 0.898
1.05 0.379E-04±0.336E-05±0.355E-05 0.740 0.79 0.235E-03±0.801E-05±0.225E-04 0.888
1.07 0.254E-04=t0.274E-05±0.237E-05 0.739 0.81 0 .185E-03±0.652E-05±0.177E-04 0.881
1.09 0.159E-04±0.207E-05±0.148E-05 0.739 0.83 0.166E-03±0.573E-05±0.159E-04 0.877
1.11 0.115E-04±0.183E-05±0.107E-05 0.738 0.85 0.146E-03±0.549E-05±0.140E-04 0.874
1.13 0.111E-04±0.192E-05±0.103E-05 0.737 0.87 0.109E-03±0.465E-05±0.104E-04 0.871
1.15 0.663E-05±0.150E-05±0.620E-06 0.736 0.89 0.912E-04±0.399E-05±0.875E-05 0.869
1.17 0.459E-05±0.125E-05±0.429E-06 0.736 0.91 0.801E-04±0.386E-05±0.769E-05 0.868
1.19 0.345E-05±0.110E-05±0.323E-06 0.735 0.93 0.695E-04±0.376E-05±0.667E-05 0.862
1.21 0.405E-05±0.129E-05±0.379E-06 0.734 0.95 0.490E-04±0.326E-05±0.471E-05 0.840
5.275 0.71 0.552E-03±0.108E-04±0.521E-04 0.926 0.97 0.683E-04±0.432E-05±0.656E-05 0.806
0.73 0.426E-03±0.929E-05±0.402E-04 0.914 0.99 0.705E-04±0.473E-05±0.677E-05 0.745
0.75 0.363E-03±0.967E-05±0.342E-04 0.905 1.01 0.646E-04±0.439E-05±0.620E-05 0.744
0.77 0.302E-03±0.890E-05±0.285E-04 0.895 1.03 0.445E-04±0.362E-05±0.427E-05 0.743
0.79 0.254E-03±0.760E-05±0.239E-04 0.885 1.05 0.394E-04±0.384E-05±0.378E-05 0.742
0.81 0.217E-03±0.658E-05±0.204E-04 0.878 1.07 0.217E-04±0.267E-05±0.209E-05 0.741
0.83 0.177E-03±0.579E-05±0.167E-04 0.875 1.09 0.181E-04±0.243E-05±0.174E-05 0.740
0.85 0.160E-03±0.550E-05±0.151E-04 0.872 1.11 0.105E-04±0.170E-05±0.101E-05 0.739
0.87 0.123E-03±0.502E-05±0.116E-04 0.870 1.13 0.734E-05±0.145E-05±0.704E-06 0.739
0.89 0.102E-03±0.443E-05±0.960E-05 0.868 1.15 0.472E-05±0.110E-05±0.453E-06 0.738
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1.17 0.333E-05±0.106E-05±0.320E-06 0.737 0.97 0.598E-04±0.370E-05±0.590E-05 0.803
1.19 0.348E-05±0.948E-06±0.334E-06 0.737 0.99 0.610E-04±0.396E-05±0.602E-05 0.748
5.425 0.71 0.509E-03=L0.119E-04±0.494E-04 0.932 1.01 0.632E-04=L0.429E-05±0.623E-05 0.746
0.73 0.398E-03±0.876E-05±0.386E-04 0.918 1.03 0.353E-04±0.304E-05±0.349E-05 0.745
0.75 0.341E-03±0.820E-05±0.331E-04 0.909 1.05 0.319E-04±0.309E-05±0.315E-05 0.744
0.77 0.300E-03±0.811E-05±0.291E-04 0.899 1.07 0.276E-04±0.268E-05±0.273E-05 0.743
0.79 0.275E-03±0.883E-05±0.266E-04 0.889 1.09 0.107E-04±0.177E-05±0.106E-05 0.742
0.81 0.189E-03±0.706E-05±0.183E-04 0.881 1.11 0.859E-05±0.152E-05±0.847E-06 0.741
0.83 0.155E-03±0.582E-05±0.151E-04 0.877 1.13 0.727E-05±0.159E-05±0.718E-06 0.740
0.85 0.124E-03±0.484E-05±0.121E-04 0.874 1.15 0.492E-05±0.123E-05±0.486E-06 0.740
0.87 0.110E-03±0.470E-05±0.107E-04 0.873 1.17 0.389E-05±0.117E-05±0.384E-06 0.739
0.89 0.100E-03±0.450E-05±0.970E-05 0.871 1.19 0.366E-05±0.110E-05±0.362E-06 0.738
0.91 0.747E-04±0.370E-05±0.724E-05 0.867 5.575 0.71 0.486E-03±0.114E-04±0.483E-04 0.938
0.93 0.626E-04±0.345E-05±0.607E-05 0.866 0.73 0.371E-03±0.101E-04±0.368E-04 0.923
0.95 0.626E-04±0.367E-05±0.607E-05 0.842 0.75 0.302E-03±0.784E-05±0.299E-04 0.912
0.97 0.682E-04±0.424E-05±0.662E-05 0.799 0.77 0.248E-03±0.685E-05±0.247E-04 0.903
0.99 0.702E-04±0.468E-05±0.681E-05 0.746 0.79 0.210E-03±0.628E-05±0.208E-04 0.892
1.01 0.538E-04±0.407E-05±0.522E-05 0.745 0.81 0.200E-03±0.691E-05±0.199E-04 0.885
1.03 0.420E-04±0.348E-05±0.408E-05 0.744 0.83 0.153E-03±0.656E-05±0.152E-04 0.879
1.05 0.243E-04±0.262E-05±0.235E-05 0.743 0.85 0.117E-03±0.550E-05±0.116E-04 0.877
1.07 0.226E-04±0.277E-05±0.219E-05 0.742 0.87 0.978E-04±0.460E-05±0.971E-05 0.874
1.09 0.101E-04±0.169E-05±0.980E-06 0.741 0.89 0.803E-04±0.412E-05±0.797E-05 0.872
1.11 0.118E-04±0.182E-05±0.114E-05 0.740 0.91 0.621E-04±0.333E-05±0.617E-05 0.871
1.13 0.109E-04±0.171E-05±0.105E-05 0.739 0.93 0.595E-04±0.332E-05±0.591E-05 0.863
1.15 0.357E-05±0.108E-05±0.347E-06 0.738 0.95 0.478E-04±0.297E-05±0.475E-05 0.845
1.17 0.509E-05±0.127E-05±0.494E-06 0.738 0.97 0.559E-04±0.343E-05±0.555E-05 0.803
1.19 0.227E-05±0.836E-06±0.220E-06 0.737 0.99 0.527E-04±0.358E-05±0.523E-05 0.748
5.475 0.71 0.529E-03±0.129E-04±0.518E-04 0.934 1.01 0.447E-04±0.314E-05±0.444E-05 0.747
0.73 0.338E-03±0.820E-05±0.331E-04 0.921 1.03 0.430E-04±0.376E-05±0.427E-05 0.746
0.75 0.324E-03±0.793E-05±0.317E-04 0.910 1.05 0.322E-04±0.315E-05±0.320E-05 0.745
0.77 0.276E-03±0.742E-05±0.270E-04 0.901 1.07 0.169E-04±0.208E-05±0.168E-05 0.744
0.79 0.234E-03±0.733E-05±0.229E-04 0.890 1.09 0.173E-04±0.223E-05±0.171E-05 0.743
0.81 0.183E-03±0.707E-05±0.179E-04 0.882 1.11 0.103E-04±0.173E-05±0.102E-05 0.742
0.83 0.149E-03±0.613E-05±0.146E-04 0.878 1.13 0.660E-05±0.130E-05±0.655E-06 0.741
0.85 0.133E-03±0.543E-05±0.131E-04 0.875 1.15 0.442E-05±0.115E-05±0.439E-06 0.740
0.87 0.103E-03±0.436E-05±0.101E-04 0.873 1.17 0.306E-05±0.833E-06±0.304E-06 0.739
0.89 0.985E-04±0.439E-05±0.964E-05 0.872 1.19 0.298E-05±0.896E-06±0.296E-06 0.739
0.91 0.724E-04±0.368E-05±0.708E-05 0.868 5.625 0.71 0.483E-03±0.106E-04±0.481E-04 0.940
0.93 0.728E-04±0.398E-05±0.712E-05 0.863 0.73 0.361E-03±0.963E-05±0.359E-04 0.925
0.95 0.474E-04±0.287E-05±0.464E-05 0.848 0.75 0.293E-03±0.865E-05±0.292E-04 0.914
0.97 0.614E-04±0.358E-05±0.601E-05 0.806 0.77 0.220E-03±0.632E-05±0.220E-04 0.904
0.99 0.658E-04±0.429E-05±0.644E-05 0.747 0.79 0.226E-03±0.664E-05±0.225E-04 0.894
1.01 0.558E-04±0.398E-05±0.546E-05 0.746 0.81 0.184E-03±0.619E-05±0.183E-04 0.885
1.03 0.355E-04±0.305E-05±0.347E-05 0.745 0.83 0.147E-03±0.589E-05±0.147E-04 0.880
1.05 0.265E-04±0.280E-05±0.259E-05 0.743 0.85 0.109E-03±0.559E-05±0.108E-04 0.878
1.07 0.195E-04±0.220E-05±0.191E-05 0.742 0.87 0.980E-04±0.507E-05±0.976E-05 0.874
1.09 0.103E-04±0.155E-05±0.101E-05 0.742 0.89 0.788E-04±0.417E-05±0.785E-05 0.872
1.11 0.960E-05±0.181E-05±0.940E-06 0.741 0.91 0.675E-04±0.364E-05±0.672E-05 0.870
1.13 0.933E-05±0.188E-05±0.914E-06 0.740 0.93 0.515E-04±0.313E-05±0.513E-05 0.865
1.15 0.550E-05±0.120E-05±0.538E-06 0.739 0.95 0.525E-04±0.328E-05±0.523E-05 0.849
1.17 0.558E-05±0.130E-05±0.547E-06 0.738 0.97 0.594E-04±0.359E-05±0.591E-05 0.802
1.19 0.252E-05±0.804E-06±0.247E-06 0.738 0.99 0.440E-04±0.309E-05±0.438E-05 0.749
5.525 0.71 0.508E-03±0.123E-04±0.501E-04 0.937 1.01 0.463E-04±0.323E-05±0.461E-05 0.748
0.73 0.357E-03±0.934E-05±0.352E-04 0.922 1.03 0.350E-04±0.294E-05±0.348E-05 0.747
0.75 0.315E-03±0.785E-05±0.311E-04 0.911 1.05 0.254E-04±0.263E-05±0.253E-05 0.745
0.77 0.251E-03±0.683E-05±0.248E-04 0.902 1.07 0.212E-04±0.270E-05±0.211E-05 0.744
0.79 0.246E-03±0.717E-05±0.243E-04 0.892 1.09 0.128E-04±0.178E-05±0.127E-05 0.743
0.81 0.185E-03±0.690E-05±0.183E-04 0.883 1.11 0.109E-04±0.172E-05±0.109E-05 0.742
0.83 0.179E-03±0.736E-05±0.176E-04 0.879 1.13 0.793E-05±0.138E-05±0.790E-06 0.742
0.85 0.117E-03±0.520E-05±0.115E-04 0.876 1.15 0.673E-05±0.152E-05±0.670E-06 0.741
0.87 0.870E-04±0.388E-05±0.859E-05 0.874 1.17 0.385E-05±0.110E-05±0.383E-06 0.740
0.89 0.844E-04±0.397E-05±0.833E-05 0.871 1.19 0.181E-05±0.730E-06±0.180E-06 0.739
0.91 0.581E-04±0.313E-05±0.573E-05 0.869 5.675 0.71 0.482E-03±0.107E-04±0.483E-04 0.943
0.93 0.540E-04±0.310E-05±0.533E-05 0.864 0.73 0.328E-03±0.862E-05±0.329E-04 0.928
0.95 0.548E-04±0.343E-05±0.541E-05 0.841 0.75 0.294E-03±0.897E-05±0.295E-04 0.915
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0.77 0.239E-03±0.711E-05±0.240E-04 0.906 1.09 0 .183E-04±0.225E-05d=0.185E-05 0.745
0.79 0.187E-03±0.589E-05±0.188E-04 0.895 1.11 0.104E-04±0.169E-05±0.105E-05 0.744
0.83 0.134E-03±0.518E-05±0.135E-04 0.887 1.13 0.598E-05±0.127E-05±0.604E-06 0.743
0.85 0.138E-03±0.613E-05±0.139E-04 0.881 1.15 0.603E-05±0.136E-05±0.609E-06 0.742
0.87 0.943E-04±0.531E-05±0.947E-05 0.878 1.17 0.379E-05±0.108E-05±0.383E-06 0.742
0.89 0.793E-04±0.445E-05±0.796E-05 0.875 5.825 0.71 0.170E-02±0.818E-04±0.173E-03 0.951
0.91 0.637E-04±0.353E-05±0.640E-05 0.873 0.73 0.378E-03±0.968E-05±0.383E-04 0.934
0.93 0.483E-04±0.288E-05±0.485E-05 0.871 0.75 0.255E-03±0.728E-05±0.258E-04 0.920
0.95 0.512E-04±0.328E-05±0.514E-05 0.865 0.77 0.231E-03±0.787E-05±0.234E-04 0.910
0.97 0.468E-04±0.319E-05±0.470E-05 0.844 0.79 0.181E-03±0.665E-05±0.183E-04 0.899
0.99 0.496E-04±0.355E-05±0.498E-05 0.808 0.81 0.151E-03±0.542E-05±0.153E-04 0.890
1.01 0.456E-04±0.338E-05±0.458E-05 0.750 0.83 0.142E-03±0.533E-05±0.143E-04 0.883
1.03 0.374E-04±0.302E-05±0.376E-05 0.748 0.85 0 .1 15E-03±0.482E-05±0.116E-04 0.880
1.05 0.242E-04±0.240E-05±0.243E-05 0.747 0.87 0.924E-04±0.460E-05±0.936E-05 0.877
1.07 0.159E-04±0.192E-05±0.160E-05 0.746 0.89 0.747E-04±0.441E-05±0.757E-05 0.875
1.09 0.114E-04±0.169E-05±0.114E-05 0.745 0.91 0.508E-04±0.364E-05±0.515E-05 0.874
1.11 0.798E-05±0.136E-05±0.801E-06 0.744 0.93 0.471E-04±0.344E-05±0.477E-05 0.865
1.13 0.526E-05±0.119E-05±0.528E-06 0.743 0.95 0.452E-04±0.308E-05±0.457E-05 0.846
1.15 0.434E-05±0.113E-05±0.436E-06 0.742 0.97 0.422E-04±0.301E-05±0.427E-05 0.806
1.17 0.222E-05±0.819E-06±0.223E-06 0.741 0.99 0.474E-04±0.332E-05±0.480E-05 0.752
1.19 0.264E-05±0.902E-06±0.265E-06 0.740 1.01 0.394E-04±0.313E-05±0.399E-05 0.751
5.725 0.71 0.577E-03±0.136E-04±0.582E-04 0.945 1.03 0.299E-04±0.261E-05±0.302E-05 0.749
0.73 0.349E-03±0.855E-05±0.352E-04 0.930 1.05 0.249E-04±0.232E-05±0.252E-05 0.748
0.75 0.271E-03±0.837E-05±0.274E-04 0.917 1.07 0.184E-04±0.213E-05±0.186E-05 0.747
0.77 0.255E-03±0.827E-05±0.257E-04 0.907 1.09 0.119E-04±0.165E-05±0.120E-05 0.746
0.79 0.194E-03±0.620E-05±0.195E-04 0.897 1.11 0.670E-05±0.121E-05±0.679E-06 0.745
0.81 0.160E-03±0.552E-05±0.162E-04 0.887 1.13 0.659E-05±0.124E-05±0.668E-06 0.744
0.83 0.151E-03±0.559E-05±0.152E-04 0.881 1.15 0.421E-05±0.982E-06±0.427E-06 0.743
0.85 0.132E-03±0.566E-05±0.133E-04 0.878 1.17 0.241E-05±0.769E-06±0.244E-06 0.742
0.87 0.943E-04±0.497E-05±0.951E-05 0.875 5.875 0.71 0.110E-01±0.139E-02±0.112E-02 0.953
0.89 0.681E-04±0.421E-05±0.686E-05 0.875 0.73 0.557E-03±0.165E-04±0.566E-04 0.937
0.91 0.548E-04±0.333E-05±0.552E-05 0.870 0.75 0.259E-03±0.704E-05±0.263E-04 0.922
0.93 0.453E-04±0.297E-05±0.457E-05 0.867 0.77 0.209E-03±0.705E-05±0.212E-04 0.912
0.95 0.405E-04±0.281E-05±0.408E-05 0.843 0.79 0.180E-03±0.721E-05±0.183E-04 0.901
0.97 0.486E-04±0.312E-05±0.490E-05 0.812 0.81 0.155E-03±0.592E-05±0.157E-04 0.891
0.99 0.470E-04±0.324E-05±0.474E-05 0.751 0.83 0.139E-03±0.522E-05±0.141E-04 0.884
1.01 0.488E-04±0.346E-05±0.492E-05 0.749 0.85 0.101E-03±0.435E-05±0.103E-04 0.881
1.03 0.417E-04±0.337E-05±0.420E-05 0.748 0.87 0.847E-04±0.415E-05±0.860E-05 0.877
1.05 0.264E-04±0.241E-05±0.266E-05 0.747 0.89 0.801E-04±0.435E-05±0.813E-05 0.875
1.07 0.128E-04±0.162E-05±0.129E-05 0.746 0.91 0.589E-04±0.393E-05±0.598E-05 0.872
1.09 0.111E-04±0.161E-05±0.112E-05 0.745 0.93 0.376E-04±0.315E-05±0.381E-05 0.867
1.11 0.800E-05±0.147E-05=t0.807E-06 0.744 0.95 0.392E-04±0.320E-05±0.398E-05 0.848
1.13 0.741E-05±0.126E-05±0.747E-06 0.743 0.97 0.462E-04±0.333E-05±0.469E-05 0.810
1.15 0.399E-05±0.931E-06±0.403E-06 0.742 0.99 0.479E-04±0.342E-05±0.486E-05 0.753
1.17 0.445E-05±0.121E-05±0.449E-06 0.741 1.01 0.393E-04±0.313E-05±0.399E-05 0.752
1.19 0.344E-05±0.127E-05±0.346E-06 0.740 1.03 0.277E-04±0.242E-05±0.281E-05 0.750
5.775 0.71 0.827E-03±0.246E-04±0.835E-04 0.948 1.05 0.225E-04±0.226E-05±0.229E-05 0.749
0.73 0.323E-03±0.800E-05±0.327E-04 0.932 1.07 0.139E-04±0.158E-05±0.141E-05 0.748
0.75 0.270E-03±0.802E-05±0.272E-04 0.919 1.09 0.798E-05±0.127E-05±0.810E-06 0.747
0.77 0.243E-03±0.832E-05±0.246E-04 0.909 1.11 0.651E-05±0.109E-05±0.660E-06 0.746
0.79 0.193E-03±0.645E-05±0.195E-04 0.898 1.13 0.498E-05±0.100E-05±0.505E-06 0.745
0.81 0.160E-03±0.555E-05±0.162E-04 0.888 1.15 0.330E-05±0.770E-06±0.335E-06 0.744
0.83 0.151E-03±0.546E-05±0.152E-04 0.883 1.17 0.196E-05±0.589E-06±0.199E-06 0.743
0.85 0.120E-03±0.505E-05±0.121E-04 0.879 5.925 0.75 0.299E-03±0.834E-05±0.304E-04 0.924
0.87 0.941E-04±0.487E-05±0.950E-05 0.877 0.77 0.213E-03±0.673E-05±0.216E-04 0.913
0.89 0.789E-04±0.468E-05±0.797E-05 0.874 0.79 0.181E-03±0.693E-05±0.184E-04 0.903
0.91 0.585E-04±0.397E-05±0.591E-05 0.874 0.81 0.168E-03±0.678E-05±0.170E-04 0.892
0.93 0.410E-04±0.295E-05±0.414E-05 0.868 0.83 0.108E-03±0.458E-05d=0.110E-04 0.885
0.95 0.438E-04±0.297E-05±0.442E-05 0.849 0.85 0 .1 16E-04±0.485E-05±0.118E-04 0.881
0.97 0.410E-04±0.301E-05±0.414E-05 0.808 0.87 0.814E-04±0.410E-05±0.828E-05 0.878
0.99 0.401E-04±0.303E-05±0.405E-05 0.751 0.89 0.694E-04±0.395E-05±0.706E-05 0.877
1.01 0.425E-04±0.308E-05±0.430E-05 0.750 0.91 0.622E-04±0.393E-05±0.632E-05 0.874
1.03 0.321E-04±0.269E-05±0.324E-05 0.749 0.93 0.507E-04±0.383E-05±0.515E-05 0.868
1.05 0.353E-04±0.294E-05±0.356E-05 0.747 0.95 0.339E-04±0.293E-05±0.345E-05 0.847
1.07 0.204E-04±0.214E-05±0.206E-05 0.746 0.97 0.310E-04±0.261E-05±0.316E-05 0.811
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0.99 0.472E-04±0.336E-05±0.480E-05 0.754 1.01 0.304E-04±0.315E-05±0.315E-05 0.755
1.01 0.347E-04±0.304E-05±0.353E-05 0.752 1.03 0.199E-04±0.215E-05±0.207E-05 0.753
1.03 0.256E-04±0.241E-05±0.260E-05 0.751 1.05 0.181E-04±0.198E-05±0.187E-05 0.752
1.05 0.191E-04±0.202E-05±0.195E-05 0.750 1.07 0.122E-04±0.166E-05±0.126E-05 0.751
1.07 0.152E-04±0.190E-05±0.155E-05 0.748 1.09 0.966E-05±0.147E-05±0.100E-05 0.749
1.09 0.130E-05±0.174E-05±0.132E-06 0.747 1.11 0.479E-05±0.102E-05±0.496E-06 0.748
1.11 0.531E-05±0.105E-05±0.540E-06 0.746 1.13 0.475E-05±0.101E-05±0.492E-06 0.747
1.13 0.814E-05±0.139E-06±0.828E-06 0.745 1.15 0.296E-05±0.846E-06±0.307E-06 0.746
1.15 0.305E-05±0.830E-06±0.310E-06 0.744 1.17 0.195E-05±0.718E-06±0.202E-06 0.745
1.17 0.280E-05±0.842E-06±0.284E-06 0.743 6.125 0.79 0.182E-03±0.616E-05±0.190E-04 0.909
5.975 0.75 0.228E-03±0.715E-05±0.233E-04 0.926 0.81 0.152E-03±0.589E-05±0.159E-04 0.898
0.77 0.217E-03±0.664E-05±0.222E-04 0.914 0.83 0.111E-03±0.549E-05±0.116E-04 0.889
0.79 0.183E-03±0.664E-05±0.187E-04 0.904 0.85 0.958E-04±0.523E-05±0.100E-04 0.884
0.81 0.158E-03±0.668E-05±0.162E-04 0.894 0.87 0.671E-04±0.369E-05±0.702E-05 0.882
0.83 0.114E-03±0.499E-05±0.117E-04 0.886 0.89 0.578E-04±0.321E-05±0.605E-05 0.879
0.85 0.996E-04±0.443E-05±0.102E-04 0.883 0.91 0.566E-04±0.342E-05±0.593E-05 0.875
0.87 0.751E-04±0.392E-05±0.769E-05 0.879 0.93 0.395E-04±0.268E-05±0.413E-05 0.869
0.89 0.673E-04±0.356E-05±0.690E-05 0.875 0.95 0.363E-04±0.295E-05±0.379E-05 0.852
0.91 0.560E-04±0.345E-05±0.573E-05 0.874 0.97 0.392E-04±0.351E-05±0.410E-05 0.815
0.93 0.432E-04±0.329E-05±0.442E-05 0.870 0.99 0.387E-04±0.348E-05±0.405E-05 0.757
0.95 0.389E-04±0.332E-05±0.399E-05 0.850 1.01 0.239E-04±0.236E-05±0.250E-05 0.756
0.97 0.338E-04±0.320E-05±0.346E-05 0.809 1.03 0.147E-04±0.178E-05±0.154E-05 0.754
0.99 0.369E-04±0.311E-05±0.378E-05 0.755 1.05 0.185E-04±0.219E-05±0.193E-05 0.753
1.01 0.383E-04±0.313E-05±0.392E-05 0.753 1.07 0.841E-05±0.128E-05±0.879E-06 0.751
1.03 0.328E-04±0.290E-05±0.336E-05 0.752 1.09 0.880E-05±0.156E-05±0.920E-06 0.750
1.05 0.203E-04±0.213E-05±0.207E-05 0.750 1.11 0.562E-05±0.114E-05±0.588E-06 0.749
1.07 0.123E-04±0.169E-05±0.126E-05 0.749 1.13 0.353E-05±0.884E-06±0.369E-06 0.748
1.09 0.641E-05±0.111E-05±0.656E-06 0.748 1.15 0.327E-05±0.852E-06±0.342E-06 0.747
1.11 0.888E-05i0 .137E -05±0.909E-06 0.747 1.17 0.243E-05±0.776E-06±0.254E-06 0.746
1.13 0.383E-05±0.863E-06±0.392E-06 0.746 6.175 0.79 0.220E-03±0.827E-05±0.233E-04 0.910
1.15 0.365E-05±0.880E-06±0.373E-06 0.745 0.81 0.137E-03±0.528E-05±0.146E-04 0.898
1.17 0.384E-05±0.867E-06±0.393E-06 0.744 0.83 0.116E-03±0.546E-05±0.123E-04 0.889
6.025 0.77 0.225E-03±0.688E-05±0.232E-04 0.916 0.85 0.107E-03±0.582E-05±0.114E-04 0.884
0.79 0.151E-03±0.573E-05±0.155E-04 0.906 0.87 0.792E-04±0.445E-05±0.839E-05 0.882
0.81 0.145E-03±0.630E-05±0.149E-04 0.895 0.89 0.437E-04±0.271E-05±0.463E-05 0.879
0.83 0.120E-03±0.562E-05±0.123E-04 0.887 0.91 0.454E-04±0.309E-05±0.482E-05 0.875
0.85 0.867E-04±0.411E-05±0.893E-05 0.883 0.93 0.335E-04±0.253E-05±0.355E-05 0.869
0.87 0.734E-04±0.381E-05±0.756E-05 0.879 0.95 0.420E-04±0.315E-05±0.446E-05 0.852
0.89 0.691E-04±0.366E-05±0.712E-05 0.876 0.97 0.338E-04±0.301E-05±0.358E-05 0.815
0.91 0.524E-04±0.317E-05±0.540E-05 0.875 0.99 0.374E-04±0.362E-05±0.397E-05 0.757
0.93 0.322E-04±0.241E-05±0.332E-05 0.871 1.01 0.321E-04±0.354E-05±0.340E-05 0.756
0.95 0.361E-04±0.305E-05±0.372E-05 0.855 1.03 0.236E-04±0.263E-05±0.251E-05 0.754
0.97 0.332E-04±0.308E-05±0.342E-05 0.812 1.05 0.148E-04±0.195E-05±0.157E-05 0.753
0.99 0.408E-04±0.340E-05±0.420E-05 0.755 1.07 0.957E-05±0.153E-05±0.101E-05 0.751
1.01 0.331E-04±0.317E-05±0.341E-05 0.754 1.09 0.834E-05±0.131E-05±0.884E-06 0.750
1.03 0.239E-04±0.224E-05±0.246E-05 0.752 1.11 0.563E-05±0.117E-05±0.597E-06 0.749
1.05 0.231E-04±0.248E-05±0.238E-05 0.751 1.13 0.538E-05±0.114E-05±0.570E-06 0.748
1.07 0.140E-04±0.170E-05±0.144E-05 0.750 1.15 0.400E-05±0.100E-05±0.424E-06 0.747
1.09 0.119E-04±0.187E-05±0.122E-05 0.749 1.17 0 .167E-05±0.673E-06±0.177E-06 0.746
1.11 0.689E-05±0.139E-05±0.710E-06 0.747 6.225 0.79 0.147E-03±0.714E-05±0.157E-04 0.911
1.13 0.619E-05=t0.136E-05±0.638E-06 0.746 0.81 0 .139E-03±0.539E-05±0.149E-04 0.900
1.15 0.395E-05±0.113E-05±0.407E-06 0.745 0.83 0.124E-03±0.534E-05±0.133E-04 0.892
1.17 0.168E-05±0.677E-06±0.173E-06 0.744 0.85 0.921E-04±0.518E-05±0.983E-05 0.887
6.075 0.77 0.233E-03±0.785E-05±0.242E-04 0.918 0.87 0.735E-04±0.459E-05±0.784E-05 0.883
0.79 0.175E-03±0.592E-05±0.182E-04 0.907 0.89 0.562E-04±0.350E-05±0.600E-05 0.880
0.81 0.145E-03±0.606E-05±0.151E-04 0.896 0.91 0.439E-04±0.289E-05±0.468E-05 0.876
0.83 0.117E-03±0.574E-05±0.121E-04 0.889 0.93 0.393E-04±0.283E-05±0.420E-05 0.872
0.85 0.871E-04±0.466E-05±0.903E-05 0.883 0.95 0.291E-04±0.244E-05±0.311E-05 0.857
0.87 0.768E-04±0.399E-05±0.797E-05 0.881 0.97 0.341E-04±0.274E-05±0.363E-05 0.812
0.89 0.553E-04±0.309E-05±0.573E-05 0.878 0.99 0.323E-04±0.275E-05±0.344E-05 0.759
0.91 0.484E-04±0.300E-05±0.502E-05 0.874 1.01 0.287E-04±0.319E-05±0.306E-05 0.757
0.93 0.476E-04±0.312E-05±0.493E-05 0.869 1.03 0 .140E-04±0.214E-05±0.149E-05 0.756
0.95 0.338E-04±0.285E-05±0.351E-05 0.854 1.05 0.123E-04±0.203E-05±0.132E-05 0.754
0.97 0.411E-04±0.337E-05±0.426E-05 0.815 1.07 0.113E-04±0.187E-05±0.121E-05 Q.753
0.99 0.377E-04±0.383E-05±0.391E-05 0.756 1.09 0.783E-05±0.151E-05±0.835E-06 0.751
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1.11 0.660E-05±0.154E-05±0.704E-06 0.750 0.97 0.354E-04±0.286E-05±0.387E-05 0.816
1.13 0.479E-05±0.125E-05±0.511E-06 0.749 0.99 0.320E-04±0.276E-05±0.350E-05 0.763
1.15 0.405E-05±0.122E-05±0.432E-06 0.748 1.01 0.211E-04±0.227E-05±0.230E-05 0.761
1.17 0.226E-05±0.912E-06±0.241E-06 0.747 1.03 0.185E-04±0.213E-05±0.202E-05 0.759
6.275 0.81 0.162E-03±0.686E-05±0.174E-04 0.902 1.05 0.158E-04±0.208E-05±0.172E-05 0.757
0.83 0.104E-03±0.462E-05±0.111E-04 0.892 1.07 0.754E-05±0.145E-05±0.824E-06 0.756
0.85 0.949E-04±0.493E-05±0.102E-04 0.887 1.09 0.407E-05±0.116E-05±0.444E-06 0.754
0.87 0.558E-04±0.378E-05±0.598E-05 0.884 1.11 0.472E-05±0.110E-05±0.515E-06 0.753
0.89 0.556E-04±0.381E-05±0.597E-05 0.879 1.13 0.396E-05±0.893E-06±0.432E-06 0.752
0.91 0.379E-04±0.278E-05±0.407E-05 0.876 1.15 0.257E-05±0.772E-06±0.280E-06 0.751
0.93 0.330E-04±0.244E-05±0.354E-05 0.873 6.475 0.85 0.888E-04±0.442E-05±0.976E-05 0.891
0.95 0.348E-04±0.265E-05±0.374E-05 0.858 0.87 0.748E-04±0.405E-05±0.822E-05 0.887
0.97 0.387E-04±0.309E-05±0.415E-05 0.816 0.89 0.417E-04±0.293E-05±0.458E-05 0.885
0.99 0.305E-04±0.274E-05±0.327E-05 0.760 0.91 0.416E-04±0.364E-05±0.457E-05 0.882
1.01 0.286E-04±0.285E-05±0.307E-05 0.758 0.93 0.287E-04±0.284E-05±0.315E-05 0.874
1.03 0.205E-04±0.271E-05±0.220E-05 0.756 0.95 0.251E-04±0.229E-05±0.276E-05 0.857
1.05 0.132E-04±0.201E-05±0.142E-05 0.755 0.97 0.256E-04±0.229E-05±0.281E-05 0.817
1.07 0.124E-04±0.192E-05±0.133E-05 0.754 0.99 0.252E-04±0.227E-05±0.277E-05 0.764
1.09 0.582E-05±0.175E-05±0.625E-06 0.752 1.01 0.270E-04±0.262E-05±0.297E-05 0.762
1.11 0.457E-05±0.119E-05±0.491E-06 0.751 1.03 0.240E-04±0.263E-05±0.263E-05 0.760
1.13 0.472E-05±0.118E-05±0.507E-06 0.750 1.05 0.116E-04±0.183E-05±0.127E-05 0.758
1.15 0.291E-05±0.992E-06±0.312E-06 0.749 1.07 0.945E-05±0.182E-05±0.104E-05 0.757
1.17 0.175E-05±0.790E-06±0.188E-06 0.748 1.09 0.771E-05±0.145E-05±0.846E-06 0.755
6.325 0.81 0.129E-03±0.613E-05±0.140E-04 0.903 1.11 0.542E-05±0.136E-05±0.595E-06 0.754
0.83 0.108E-03±0.488E-05±0.117E-04 0.894 1.13 0.319E-05±0.118E-05±0.350E-06 0.753
0.85 0.791E-04±0.413E-05±0.856E-05 0.888 1.15 0.293E-05±0.883E-06±0.322E-06 0.751
0.87 0.635E-04±0.422E-05±0.686E-05 0.884 6.525 0.85 0.607E-04±0.382E-05±0.669E-05 0.893
0.89 0.579E-04±0.424E-05±0.625E-05 0.881 0.87 0.659E-04±0.372E-05±0.727E-05 0.888
0.91 0.483E-04±0.349E-05±0.522E-05 0.877 0.89 0.535E-04±0.339E-05±0.590E-05 0.885
0.93 0.349E-04±0.252E-05±0.378E-05 0.872 0.91 0.473E-04±0.399E-05±0.521E-05 0.882
0.95 0.321E-04±0.249E-05±0.346E-05 0.851 0.93 0.281E-04±0.263E-05±0.310E-05 0.876
0.97 0.292E-04±0.250E-05±0.315E-05 0.815 0.95 0.254E-04±0.246E-05±0.280E-05 0.856
0.99 0.305E-04±0.290E-05±0.329E-05 0.761 0.97 0.274E-04±0.261E-05±0.302E-05 0.815
1.01 0.278E-04±0.271E-05±0.300E-05 0.759 0.99 0.222E-04±0.214E-05±0.245E-05 0.765
1.03 0.231E-04±0.279E-05±0.250E-05 0.757 1.01 0.194E-04±0.197E-05±0.214E-05 0.763
1.05 0.163E-04±0.225E-05±0.176E-05 0.756 1.03 0.170E-04±0.207E-05±0.187E-05 0.761
1.07 0.908E-05±0.164E-05±0.982E-06 0.754 1.05 0.109E-04±0.169E-05±0.121E-05 0.759
1.09 0.619E-05±0.128E-05±0.669E-06 0.753 1.07 0.827E-05±0.156E-05±0.911E-06 0.757
1.11 0.481E-05±0.116E-05±0.520E-06 0.752 1.09 0.500E-05±0.986E-06±0.551E-06 0.756
1.13 0.393E-05±0.102E-05±0.425E-06 0.750 1.11 0.285E-05±0.858E-06±0.314E-06 0.755
1.15 0.233E-05±0.857E-06±0.251E-06 0.749 1.13 0.292E-05±0.932E-06±0.322E-06 0.753
6.375 0.83 0.128E-03±0.605E-05±0.139E-04 0.896 1.15 0.259E-05±0.828E-06±0.286E-06 0.752
0.85 0.882E-04±0.441E-05±0.960E-05 0.889 6.575 0.87 0.686E-04±0.422E-05±0.761E-05 0.888
0.87 0.630E-04±0.395E-05±0.685E-05 0.885 0.89 0.478E-04±0.312E-05±0.531E-05 0.884
0.89 0.488E-04±0.379E-05±0.531E-05 0.881 0.91 0.357E-04±0.286E-05±0.396E-05 0.882
0.91 0.437E-04±0.349E-05±0.475E-05 0.879 0.93 0.324E-04=t0.315E-05±0.359E-05 0.876
0.93 0.315E-04±0.249E-05±0.343E-05 0.871 0.95 0.260E-04±0.260E-05±0.288E-05 0.859
0.95 0.306E-04±0.243E-05±0.333E-05 0.855 0.97 0.216E-04±0.221E-05±0.240E-05 0.822
0.97 0.314E-04±0.265E-05±0.341E-05 0.811 0.99 0.235E-04±0.244E-05±0.261E-05 0.766
0.99 0.263E-04=t0.250E-05±0.286E-05 0.762 1.01 0.266E-04±0.253E-05±0.295E-05 0.764
1.01 0.238E-04=t0.237E-05±0.259E-05 0.760 1.03 0.196E-04=t0.225E-05=fc0.217E-05 0.762
1.03 0.223E-04±0.255E-05±0.242E-05 0.758 1.05 0.111E-04±0.160E-05±0.123E-05 0.760
1.05 0.153E-04±0.211E-05±0.166E-05 0.757 1.07 0.854E-05±0.132E-05±0.947E-06 0.758
1.07 0.810E-05±0.164E-05±0.881E-06 0.755 1.09 0.446E-05±0.924E-06±0.495E-06 0.757
1.09 0.669E-05±0.142E-05±0.728E-06 0.754 1.11 0.339E-05±0.791E-06±0.376E-06 0.755
1.11 0.549E-05±0.111E-05±0.597E-06 0.752 1.13 0.294E-05±0.885E-06±0.326E-06 0.754
1.13 0.289E-05±0.924E-06±0.315E-06 0.751 1.15 0.253E-05±0.862E-06±0.280E-06 0.753
1.15 0.301E-05±0.784E-06±0.327E-06 0.750 6.625 0.87 0.517E-04±0.355E-05±0.577E-05 0.889
6.425 0.83 0.938E-04±0.505E-05±0.102E-04 0.896 0.89 0.530E-04±0.335E-05±0.590E-05 0.887
0.85 0.812E-04±0.405E-05±0.886E-05 0.890 0.91 0.295E-04±0.241E-05±0.329E-05 0.883
0.87 0.608E-04±0.370E-05±0.663E-05 0.886 0.93 0.353E-04±0.310E-05±0.393E-05 0.878
0.89 0.522E-04±0.394E-05±0.570E-05 0.882 0.95 0.302E-04±0.291E-05±0.337E-05 0.859
0.91 0.454E-04±0.382E-05±0.496E-05 0.879 0.97 0.234E-04±0.238E-05±0.261E-05 0.817
0.93 0.378E-04±0.290E-05±0.413E-05 0.874 0.99 0.275E-04±0.270E-05±0.306E-05 0.767
0.95 0.296E-04±0.254E-05±0.323E-05 0.859 1.01 0.198E-04±0.220E-05±0.221E-05 0.765
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A P P E N D IX  D 
Exclusive d ^ e'p g)!! Cross Sections
Tabulated below are the experimental measured exclusive d(e,e'ps)n cross sec­
tions similar to those plotted in Section 5.2 (shown in Figs. 5.19 -  5.25) for ps =  
0.25 — 1 GeV/c and Q2 =  2 — 6 GeV2. In this case unobserved variables are inte­
grated over their full range and not limited to the experimentally dependent cross 
sections within CLAS fiducial cuts. The results presented here have been corrected 
for radiative effects, acceptance and bin size. The statistical and systematic errors 
associated with these corrections are included. The correction factor for radiative 
effects R.C. for each kinematic bin is given in the last column of each table.
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da j  dQ2dxdp 
[/ib/GeV3]
R.C.
2.5 0.4 0.375 0.215E-05 ±  0.858E-06 ±  0.131E-06 0.858
0.425 0.549E-05 ±  0.978E-06 ±  0.335E-06 0.828
0.475 0.390E-05 ±  0.694E-06 ±  0.238E-06 0.898
0.525 0.245E-05 ±  0.472E-06 ±  0.149E-06 0.956
0.575 0.205E-05 ±  0.394E-06 ±  0.125E-06 0.900
0.625 0.218E-05 ±  0.388E-06 ±  0.133E-06 0.857
0.675 0.150E-05 ±  0.319E-06 ±  0.915E-07 0.860
0.725 0.113E-05 ±  0.273E-06 ±  0.692E-07 0.863
0.775 0.104E-05 ± 0.262E-06 ±  0.634E-07 0.857
0.825 0.911E-06 ±  0.243E-06 ±  0.556E-07 0.859
0.875 0.105E-05 ±  0.264E-06 ±  0.638E-07 0.870
0.925 0.527E-06 ±  0.187E-06 ±  0.321E-07 0.833
0.975 0.948E-06 ±  0.248E-06 ±  0.578E-07 0.834
2.5 0.6 0.275 0.254E-04 ±  0.210E-05 ±  0.155E-05 0.926
0.325 0.286E-04 ±  0.189E-05 ±  0.174E-05 0.908
0.375 0.202E-04 ±  0.140E-05 ±  0.123E-05 0.904
0.425 0.145E-04 ±  0.110E-05 ±  0.884E-06 0.925
0.475 0.116E-04 ±  0.939E-06 ±  0.708E-06 0.909
0.525 0.132E-04 ±  0.978E-06 ±  0.806E-06 0.885
0.575 0.878E-05 ±  0.786E-06 ±  0.536E-06 0.852
0.625 0.810E-05 ±  0.754E-06 ±  0.494E-06 0.864
0.675 0.582E-05 ±  0.635E-06 ±  0.355E-06 0.915
0.725 0.744E-05 ±  0.721E-06 ±  0.454E-06 0.848
0.775 0.568E-05 ±  0.633E-06 ±  0.346E-06 0.888
0.825 0.560E-05 ±  0.625E-06 ±  0.341E-06 0.908
0.875 0.487E-05 ±  0.587E-06 ±  0.297E-06 0.920
0.925 0.352E-05 ±  0.500E-06 ±  0.215E-06 0.867
0.975 0.523E-05 ±  0.604E-06 ±  0.319E-06 0.862
2.5 0.8 0.275 0.661E-04 ±  0.273E-05 ±  0.403E-05 0.911
0.325 0.538E-04 ±  0.226E-05 ±  0.328E-05 0.903
0.375 0.472E-04 ±  0.204E-05 ±  0.288E-05 0.888
0.425 0.441E-04 ±  0.192E-05 ±  0.269E-05 0.895
0.475 0.348E-04 ±  0.168E-05 ±  0.213E-05 0.887
0.525 0.304E-04 ±  0.157E-05 ±  0.185E-05 0.857
0.575 0.249E-04 ±  0.142E-05 ±  0.152E-05 0.896
0.625 0.211E-04 ±  0.130E-05 ±  0.129E-05 0.845
0.675 0.170E-04 ±  0.118E-05 ±  0.103E-05 0.882
0.725 0.156E-04 ±  0.113E-05 ±  0.952E-06 0.859
0.775 0.145E-04 ±  0.109E-05 ±  0.887E-06 0.885
0.825 0.131E-04 ±  0.105E-05 ±  0.797E-06 0.872
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Q2 X P dcr/dQ2dxdp R.C.
[GeV2] [GeV/c] [/ub/GeV3]
0.875 0.119E-04 ±  0.101E-05 ±  0.726E-06 0.878
0.925 0.115E-04 ± 0.994E-06 ±  0.704E-06 0.860
0.975 0.675E-05 ±  0.768E-06 ±  0.412E-06 0.926
2.5 1.0 0.275 0.379E-04 ±  0.208E-05 ±  0.231E-05 0.876
0.325 0.474E-04 ±  0.218E-05 ±  0.289E-05 0.876
0.375 0.425E-04 ± 0.203E-05 ±  0.259E-05 0.883
0.425 0.425E-04 ±  0.201E-05 ±  0.259E-05 0.864
0.475 0.417E-04 ±  0.198E-05 ±  0.254E-05 0.843
0.525 0.384E-04 ± 0.191E-05 ±  0.234E-05 0.846
0.575 0.297E-04 ±  0.169E-05 ±  0.181E-05 0.874
0.625 0.291E-04 ±  0.169E-05 ±  0.178E-05 0.829
0.675 0.227E-04 ± 0.150E-05 ±  0.138E-05 0.865
0.725 0.154E-04 ± 0.125E-05 ±  0.938E-06 0.867
0.775 0.164E-04 ±  0.131E-05 ±  0.100E-05 0.861
0.825 0.106E-04 ±  0.105E-05 ±  0.646E-06 0.907
0.875 0.134E-04 ±  0.119E-05 ±  0.820E-06 0.872
0.925 0.109E-04 ±  0.108E-05 ±  0.667E-06 0.940
0.975 0.920E-05 ±  0.962E-06 ±  0.561E-06 0.870
2.5 1.2 0.275 0.337E-04 ± 0.220E-05 ±  0.205E-05 0.767
0.325 0.236E-04 ± 0.171E-05 ±  0.144E-05 0.801
0.375 0.194E-04 ± 0.151E-05 ±  0.118E-05 0.824
0.425 0.180E-04 ±  0.144E-05 ±  0.110E-05 0.806
0.475 0.171E-04 ±  0.141E-05 ±  0.105E-05 0.820
0.525 0.163E-04 ±  0.137E-05 ±  0.991E-06 0.813
0.575 0.147E-04 ±  0.130E-05 ±  0.899E-06 0.834
0.625 0.119E-04 ±  0.118E-05 ±  0.727E-06 0.856
0.675 0.100E-04 ±  0.107E-05 ±  0.613E-06 0.849
0.725 0.110E-04 ± 0.111E-05 ±  0.669E-06 0.823
0.775 0.799E-05 ± 0.930E-06 ±  0.487E-06 0.857
0.825 0.964E-05 ± 0.102E-05 ±  0.588E-06 0.839
0.875 0.613E-05 ±  0.805E-06 ±  0.374E-06 0.882
0.925 0.639E-05 ±  0.814E-06 ±  0.390E-06 0.807
0.975 0.612E-05 ±  0.816E-06 ±  0.373E-06 0.839
2.5 1.4 0.275 0.282E-04 ±  0.220E-05 ±  0.172E-05 0.716
0.325 0.226E-04 ±  0.176E-05 ±  0.138E-05 0.717
0.375 0.126E-04 ±  0.125E-05 ±  0.767E-06 0.759
0.425 0.943E-05 ±  0.106E-05 ±  0.575E-06 0.746
0.475 0.768E-05 ± 0.940E-06 ±  0.469E-06 0.765
0.525 0.673E-05 ±  0.865E-06 ±  0.410E-06 0.913
0.575 0.941E-05 ±  0.102E-05 ±  0.574E-06 0.813





d(j ! dQ2 dxdp 
[H b/GeV3]
R.C.
0.625 0.630E-05 ±  0.833E-06 ±  0.384E-06 0.800
0.675 0.554E-05 ±  0.770E-06 ±  0.338E-06 0.883
0.725 0.590E-05 ±  0.797E-06 ± 0.360E-06 0.786
0.775 0.452E-05 ±  0.710E-06 ±  0.276E-06 0.797
0.825 0.465E-05 ±  0.721E-06 ±  0.283E-06 0.810
0.875 0.345E-05 ±  0.629E-06 ±  0.210E-06 0.851
0.925 0.344E-05 ±  0.631E-06 ± 0.210E-06 0.860
0.975 0.427E-05 ±  0.708E-06 ±  0.261E-06 0.886
2.5 1.6 0.275 0.228E-06 ±  0.761E-07 ± 0.139E-07 0.752
0.325 0.323E-05 ±  0.581E-06 ±  0.197E-06 0.782
0.375 0.776E-05 ±  0.999E-06 ± 0.473E-06 0.715
0.425 0.571E-05 ±  0.869E-06 ±  0.349E-06 0.841
0.475 0.435E-05 ±  0.752E-06 ± 0.265E-06 0.804
0.525 0.574E-05 ±  0.857E-06 ±  0.350E-06 0.782
0.575 0.424E-05 ±  0.750E-06 ±  0.259E-06 0.757
0.625 0.495E-05 ±  0.808E-06 ± 0.302E-06 0.754
0.675 0.385E-05 ±  0.722E-06 ±  0.235E-06 0.758
0.725 0.334E-05 ±  0.675E-06 ±  0.204E-06 0.769
0.775 0.214E-05 ±  0.546E-06 ±  0.130E-06 0.879
0.825 0.249E-05 ±  0.581E-06 ±  0.152E-06 0.951
0.875 0.122E-05 ±  0.419E-06 ±  0.742E-07 0.800
0.925 0.490E-05 ±  0.849E-06 ±  0.299E-06 0.808
0.975 0.524E-05 ±  0.870E-06 ±  0.319E-06 0.817
3.5 0.4 0.425 0.226E-06 ±  0.180E-06 ±  0.138E-07 0.862
0.475 0.287E-06 ±  0.132E-06 ± 0.175E-07 0.859
0.525 0.430E-06 ±  0.129E-06 ±  0.262E-07 0.863
0.575 0.109E-06 ±  0.613E-07 ± 0.666E-08 0.865
0.625 0.995E-07 ±  0.556E-07 ±  0.607E-08 0.853
0.675 0.153E-06 ±  0.704E-07 ±  0.931E-08 0.868
0.775 0.544E-07 ±  0.415E-07 ±  0.332E-08 0.887
0.825 0.158E-06 ±  0.727E-07 ±  0.965E-08 0.870
3.5 0.6 0.275 0.364E-05 ±  0.779E-06 ±  0.222E-06 0.864
0.325 0.361E-05 ±  0.589E-06 ± 0.220E-06 0.860
0.375 0.260E-05 ±  0.423E-06 ± 0.159E-06 0.892
0.425 0.187E-05 ±  0.324E-06 ±  0.114E-06 0.890
0.475 0.156E-05 ±  0.277E-06 ±  0.953E-07 0.847
0.525 0.146E-05 ±  0.257E-06 ± 0.888E-07 0.842
0.575 0.102E-05 ±  0.214E-06 ±  0.620E-07 0.837
0.625 0.572E-06 ±  0.159E-06 ±  0.349E-07 0.840
0.675 0.350E-06 ±  0.124E-06 ± 0.213E-07 0.846









0.725 0.598E-06 ±  0.167E-06 ±  0.365E-07 0.840
0.775 0.502E-06 ±  0.150E-06 ±  0.306E-07 0.847
0.825 0.498E-06 ±  0.150E-06 ±  0.304E-07 0.855
0.875 0.213E-06 ±  0.975E-07 ±  0.130E-07 0.848
0.925 0.429E-06 ±  0.137E-06 ±  0.262E-07 0.826
0.975 0.148E-06 ±  0.813E-07 ±  0.901E-08 0.818
3.5 0.8 0.275 0.773E-05 ±  0.719E-06 ±  0.472E-06 0.852
0.325 0.690E-05 ±  0.622E-06 ±  0.421E-06 0.845
0.375 0.653E-05 ±  0.580E-06 ±  0.398E-06 0.839
0.425 0.529E-05 ±  0.511E-06 ±  0.323E-06 0.830
0.475 0.453E-05 ±  0.470E-06 ±  0.276E-06 0.826
0.525 0.344E-05 ±  0.409E-06 ±  0.210E-06 0.819
0.575 0.282E-05 ±  0.372E-06 ±  0.172E-06 0.822
0.625 0.370E-05 ±  0.425E-06 ±  0.226E-06 0.815
0.675 0.268E-05 ±  0.364E-06 ±  0.163E-06 0.822
0.725 0.221E-05 ±  0.326E-06 ±  0.135E-06 0.823
0.775 0.183E-05 ±  0.298E-06 ±  0.112E-06 0.822
0.825 0.177E-05 ±  0.296E-06 ±  0.108E-06 0.828
0.875 0.196E-05 ±  0.306E-06 ±  0.119E-06 0.823
0.925 0.886E-06 ±  0.209E-06 ±  0.541E-07 0.826
0.975 0.328E-06 ±  0.129E-06 ±  0.200E-07 0.828
3.5 1.0 0.275 0.645E-05 ±  0.651E-06 ±  0.393E-06 0.811
0.325 0.728E-05 ±  0.653E-06 ±  0.444E-06 0.815
0.375 0.727E-05 ±  0.648E-06 ±  0.444E-06 0.813
0.425 0.813E-05 ±  0.680E-06 ±  0.496E-06 0.811
0.475 0.781E-05 ±  0.669E-06 ±  0.476E-06 0.810
0.525 0.578E-05 ±  0.573E-06 ±  0.352E-06 0.809
0.575 0.569E-05 ±  0.572E-06 ±  0.347E-06 0.804
0.625 0.308E-05 ±  0.420E-06 ±  0.188E-06 0.802
0.675 0.223E-05 ±  0.359E-06 ± 0.136E-06 0.804
0.725 0.240E-05 ±  0.371E-06 ±  0.146E-06 0.805
0.775 0.211E-05 ±  0.350E-06 ±  0.129E-06 0.815
0.825 0.181E-05 ±  0.322E-06 ±  0.110E-06 0.810
0.875 0.108E-05 ±  0.253E-06 ±  0.656E-07 0.820
0.925 0.223E-05 ±  0.360E-06 ±  0.136E-06 0.806
0.975 0.960E-06 ±  0.236E-06 ±  0.586E-07 0.811
3.5 1.2 0.275 0.506E-05 ±  0.670E-06 ±  0.309E-06 0.731
0.325 0.473E-05 ±  0.590E-06 ±  0.288E-06 0.756
0.375 0.258E-05 ±  0.418E-06 ±  0.158E-06 0.777
0.425 0.224E-05 ±  0.384E-06 ±  0.137E-06 0.789
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Q2 X P da/dQ2dxdp R.C.
[GeV2] [GeV/c] [/xb/GeV3]
0.475 0.137E-05 ±  0.303E-06 ± 0.834E-07 0.791
0.525 0.268E-05 ±  0.420E-06 ± 0.163E-06 0.795
0.575 0.205E-05 ±  0.371E-06 ± 0.125E-06 0.794
0.625 0.694E-06 ±  0.216E-06 ± 0.423E-07 0.786
0.675 0.139E-05 ±  0.307E-06 ± 0.846E-07 0.789
0.725 0.128E-05 ±  0.295E-06 ± 0.778E-07 0.792
0.775 0.137E-05 ±  0.304E-06 ±  0.834E-07 0.798
0.825 0.672E-06 ±  0.212E-06 ± 0.410E-07 0.801
0.875 0.136E-05 ±  0.303E-06 ± 0.832E-07 0.797
0.925 0.795E-06 ±  0.233E-06 ±  0.485E-07 0.813
0.975 0.905E-06 ±  0.248E-06 ± 0.552E-07 0.806
3.5 1.4 0.275 0.171E-05 ±  0.410E-06 ± 0.104E-06 0.702
0.325 0.187E-05 ±  0.407E-06 ± 0.114E-06 0.702
0.375 0.131E-05 ±  0.320E-06 ± 0.799E-07 0.722
0.425 0.196E-05 ±  0.378E-06 ± 0.119E-06 0.751
0.475 0.250E-05 ±  0.423E-06 ±  0.153E-06 0.769
0.525 0.182E-05 ±  0.356E-06 ±  0.111E-06 0.775
0.575 0.923E-06 ±  0.248E-06 ±  0.563E-07 0.777
0.625 0.104E-05 ±  0.263E-06 ±  0.632E-07 0.780
0.675 0.959E-06 ±  0.259E-06 ±  0.585E-07 0.783
0.725 0.357E-06 ±  0.157E-06 ± 0.218E-07 0.785
0.775 0.452E-06 ±  0.173E-06 ± 0.276E-07 0.792
0.825 0.227E-06 ±  0.124E-06 ± 0.139E-07 0.801
0.875 0.695E-06 ±  0.218E-06 ± 0.424E-07 0.798
0.925 0.115E-06 ±  0.893E-07 ± 0.704E-08 0.807
0.975 0.238E-06 ±  0.130E-06 ±  0.145E-07 0.808
3.5 1.6 0.325 0.302E-07 ±  0.227E-07 ± 0.184E-08 0.761
0.375 0.444E-06 ±  0.165E-06 ± 0.271E-07 0.743
0.425 0.416E-06 ±  0.177E-06 ±  0.254E-07 0.726
0.475 0.113E-05 ±  0.295E-06 ±  0.687E-07 0.835
0.525 0.424E-06 ±  0.183E-06 ± 0.258E-07 0.755
0.575 0.117E-05 ±  0.309E-06 ±  0.712E-07 0.758
0.625 0.137E-06 ±  0.103E-06 ±  0.834E-08 0.767
0.675 0.138E-06 ±  0.104E-06 ±  0.842E-08 0.763
0.725 0.295E-06 ±  0.157E-06 ± 0.180E-07 0.758
0.775 0.146E-06 i t  0.112E-06 ± 0.891E-08 0.786
0.825 0.293E-06 ±  0.155E-06 ± 0.179E-07 0.749
0.875 0.285E-06 ±  0.153E-06 ± 0.174E-07 0.770
0.975 0.143E-06 ±  0.109E-06 ±  0.873E-08 0.779
4.5 0.6 0.275 0.666E-06 ±  0.376E-06 ±  0.406E-07 0.863









4.5 0.6 0.325 0.501E-06 ±  0.200E-06 ±  0.306E-07 0.864
0.375 0.443E-06 ±  0.144E-06 ±  0.270E-07 0.861
0.425 0.351E-06 ± 0.114E-06 ±  0.214E-07 0.857
0.475 0.307E-06 ± 0.994E-07 ±  0.187E-07 0.857
0.525 0.148E-06 ± 0.680E-07 ±  0.906E-08 0.850
0.575 0.145E-06 ±  0.664E-07 ±  0.884E-08 0.853
0.625 0.469E-07 ± 0.371E-07 ±  0.286E-08 0.848
0.675 0.953E-07 ± 0.539E-07 ±  0.581E-08 0.879
0.725 0.202E-06 ± 0.799E-07 ±  0.123E-07 0.854
0.775 0.102E-06 ±  0.576E-07 ±  0.622E-08 0.868
0.825 0.513E-07 ± 0.411E-07 ±  0.313E-08 0.865
0.925 0.490E-07 ± 0.390E-07 ±  0.299E-08 0.859
0.975 0.997E-07 ±  0.560E-07 ±  0.608E-08 0.860
4.5 0.8 0.275 0.353E-05 ± 0.423E-06 ±  0.215E-06 0.851
0.325 0.176E-05 ±  0.268E-06 ±  0.107E-06 0.845
0.375 0.104E-05 ±  0.200E-06 ±  0.636E-07 0.840
0.425 0.883E-06 ± 0.179E-06 ±  0.538E-07 0.836
0.475 0.938E-06 ± 0.184E-06 ±  0.572E-07 0.827
0.525 0.819E-06 ±  0.171E-06 ±  0.500E-07 0.826
0.575 0.595E-06 ±  0.147E-06 ±  0.363E-07 0.825
0.625 0.702E-06 ±  0.158E-06 ±  0.428E-07 0.824
0.675 0.238E-06 ± 0.928E-07 ±  0.145E-07 0.823
0.725 0.413E-06 ± 0.122E-06 ±  0.252E-07 0.827
0.775 0.358E-06 ±  0.115E-06 ±  0.218E-07 0.832
0.825 0.170E-06 ±  0.776E-07 ±  0.104E-07 0.844
0.875 0.175E-06 ±  0.794E-07 ±  0.107E-07 0.833
0.925 0.605E-07 ± 0.471E-07 ±  0.369E-08 0.816
0.975 0.119E-06 db 0.659E-07 ±  0.727E-08 0.826
4.5 1.0 0.275 0.185E-05 ± 0.282E-06 ±  0.113E-06 0.815
0.325 0.179E-05 ± 0.262E-06 ±  0.109E-06 0.812
0.375 0.177E-05 ± 0.260E-06 ±  0.108E-06 0.814
0.425 0.129E-05 ± 0.219E-06 ±  0.789E-07 0.815
0.475 0.158E-05 ± 0.245E-06 ±  0.962E-07 0.811
0.525 0.991E-06 ± 0.192E-06 ±  0.605E-07 0.809
0.575 0.118E-05 ±  0.209E-06 ±  0.717E-07 0.806
0.625 0.630E-06 ±  0.154E-06 ±  0.385E-07 0.800
0.675 0.882E-06 ± 0.182E-06 ±  0.538E-07 0.803
0.725 0.761E-06 ±  0.170E-06 ±  0.464E-07 0.810
0.775 0.126E-06 ±  0.684E-07 ±  0.766E-08 0.800
0.825 0.253E-06 ±  0.976E-07 ±  0.154E-07 0.804








0.875 0.130E-06 ±  0.723E-07 ±  0.796E-08 0.828
0.925 0.259E-06 ±  0.101E-06 ±  0.158E-07 0.810
0.975 0.461E-06 ±  0.135E-06 ±  0.281E-07 0.807
4.5 1.2 0.275 0.121E-05 ±  0.274E-06 ±  0.741E-07 0.755
0.325 0.898E-06 ±  0.213E-06 ±  0.548E-07 0.760
0.375 0.118E-05 ±  0.232E-06 ±  0.720E-07 0.780
0.425 0.762E-06 ±  0.184E-06 ±  0.465E-07 0.790
0.475 0.687E-06 ±  0.176E-06 ±  0.419E-07 0.795
0.525 0.301E-06 ± 0.116E-06 ±  0.183E-07 0.796
0.575 0.781E-06 ±  0.181E-06 ±  0.477E-07 0.797
0.625 0.306E-06 ±  0.117E-06 ±  0.187E-07 0.790
0.675 0.522E-06 ±  0.152E-06 ±  0.319E-07 0.796
0.725 0.321E-06 ±  0.124E-06 ±  0.196E-07 0.799
0.775 0.794E-07 ±  0.609E-07 ±  0.484E-08 0.793
0.825 0.787E-07 ±  0.616E-07 ±  0.480E-08 0.826
0.875 0.797E-07 ±  0.607E-07 ±  0.486E-08 0.781
0.925 0.149E-06 ±  0.829E-07 ±  0.912E-08 0.830
0.975 0.161E-06 ±  0.869E-07 ±  0.983E-08 0.783
4.5 1.4 0.275 0.541E-06 ±  0.199E-06 ±  0.330E-07 0.731
0.325 0.200E-06 ±  0.105E-06 ±  0.122E-07 0.744
0.375 0.534E-06 ±  0.176E-06 ±  0.326E-07 0.731
0.425 0.377E-06 ±  0.141E-06 ±  0.230E-07 0.750
0.475 0.437E-06 ±  0.147E-06 ±  0.266E-07 0.765
0.525 0.938E-07 ±  0.712E-07 ±  0.572E-08 0.776
0.575 0.186E-06 ±  0.100E-06 ±  0.113E-07 0.780
0.625 0.868E-07 ±  0.659E-07 ±  0.530E-08 0.775
0.675 0.170E-06 ±  0.922E-07 ±  0.104E-07 0.788
0.825 0.884E-07 ±  0.675E-07 ±  0.539E-08 0.785
0.975 0.866E-07 ±  0.664E-07 ±  0.528E-08 0.791
4.5 1.6 0.425 0.182E-06 ±  0.957E-07 ±  0.111E-07 0.748
0.475 0.167E-06 ±  0.887E-07 ±  0.102E-07 0.764
0.525 0.316E-06 ±  0.137E-06 ±  0.193E-07 0.756
0.575 0.213E-06 ±  0.114E-06 ±  0.130E-07 0.767
0.625 0.112E-06 ±  0.844E-07 ±  0.686E-08 0.760
0.775 0.987E-07 ±  0.741E-07 ±  0.602E-08 0.758
5.5 0.8 0.275 0.702E-06 ±  0.168E-06 ±  0.428E-07 0.929
0.325 0.216E-06 ± 0.859E-07 ±  0.132E-07 0.852
0.375 0.101E-06 ±  0.564E-07 ±  0.615E-08 0.845
0.425 0.143E-06 ±  0.651E-07 ±  0.874E-08 0.837
0.475 0.408E-06 ±  0.113E-06 ±  0.249E-07 0.832









0.525 0.249E-06 ±  0.877E-07 ±  0.152E-07 0.836
0.575 0.980E-07 ± 0.542E-07 ±  0.598E-08 0.827
0.625 0.196E-06 ±  0.766E-07 ±  0.119E-07 0.829
0.675 0.966E-07 ±  0.537E-07 ±  0.589E-08 0.833
0.725 0.144E-06 ±  0.656E-07 ±  0.881E-08 0.837
0.775 0.456E-07 ±  0.364E-07 ±  0.278E-08 0.864
0.825 0.989E-07 ±  0.548E-07 ±  0.603E-08 0.832
0.875 0.989E-07 ± 0.560E-07 ±  0.603E-08 0.867
0.925 0.154E-06 ±  0.701E-07 ±  0.942E-08 0.835
0.975 0.104E-06 ± 0.571E-07 ±  0.632E-08 0.822
5.5 1.0 0.275 0.347E-06 ±  0.110E-06 ±  0.212E-07 0.810
0.325 0.368E-06 ±  0.109E-06 ±  0.224E-07 0.822
0.375 0.210E-06 ± 0.814E-07 ±  0.128E-07 0.813
0.425 0.155E-06 ±  0.699E-07 ±  0.945E-08 0.825
0.475 0.410E-06 ±  0.113E-06 ±  0.250E-07 0.821
0.525 0.450E-06 ±  0.117E-06 ±  0.275E-07 0.816
0.575 0.307E-06 ±  0.969E-07 ±  0.187E-07 0.807
0.625 0.273E-06 ±  0.946E-07 ±  0.166E-07 0.811
0.675 0.157E-06 ±  0.703E-07 ±  0.959E-08 0.808
0.725 0.359E-06 ±  0.106E-06 ±  0.219E-07 0.828
0.825 0.529E-07 ±  0.416E-07 ±  0.323E-08 0.833
0.875 0.117E-06 ±  0.649E-07 ±  0.715E-08 0.826
5.5 1.2 0.275 0.279E-06 ±  0.120E-06 ±  0.170E-07 0.756
0.325 0.720E-06 ± 0.171E-06 ±  0.439E-07 0.763
0.375 0.137E-06 ±  0.741E-07 ±  0.833E-08 0.793
0.425 0.668E-07 ±  0.516E-07 ±  0.407E-08 0.804
0.475 0.187E-06 ± 0.831E-07 ±  0.114E-07 0.800
0.575 0.294E-06 ±  0.101E-06 ±  0.179E-07 0.798
0.625 0.618E-07 ±  0.477E-07 ±  0.377E-08 0.801
0.775 0.616E-07 ±  0.477E-07 ±  0.376E-08 0.808
5.5 1.4 0.325 0.954E-07 ±  0.698E-07 ±  0.582E-08 0.721
0.375 0.352E-06 ±  0.131E-06 ±  0.215E-07 0.741
0.475 0.738E-07 ±  0.560E-07 ±  0.450E-08 0.776
0.575 0.148E-06 ±  0.802E-07 ±  0.901E-08 0.794
0.825 0.806E-07 ± 0.613E-07 ±  0.492E-08 0.779
0.975 0.699E-07 ±  0.545E-07 ±  0.426E-08 0.820
5.5 1.6 0.425 0.906E-07 ±  0.673E-07 ±  0.552E-08 0.743
0.525 0.178E-06 ±  0.947E-07 ±  0.109E-07 0.763
0.575 0.715E-07 ±  0.539E-07 ±  0.436E-08 0.765
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A P P E N D IX  E
GSIM  FFREAD Card Settings
MLIST
CUTS 5.e-3 5.e-3 5.e-3 5.e-3 5.e-3 
CCCUTS l.e-3 l.e-3 l.e-3 l.e-3 l.e-3 
DCCUTS l.e-4 l.e-4 l.e-4 l.e-4 l.e-4 
ECCUTS l.e-4 l.e-4 l.e-4 l.e-4 l.e-4 
SCCUTS l.e-4 l.e-4 l.e-4 l.e-4 l.e-4 
MAGTYPE 3 
MAGSCALE .5829 0.75 
TARGET ’e6a’
T G T P 2 1 
RUNG 10
NOSEC ’TORU” ’MINI’
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A P P E N D IX  F
Param eterization of p s, Q , cc and
(Vpq
For extraction of acceptances for d(e,e'p)n reaction we simulated events based 
on a realistic model build to fit experimental da ta  and kinematic corrected to respect 
the energy and momentum conservation. We fitted the acceptance corrected data 
distributions for scattered proton momentum ps, momentum transfer Q2, Bjorken 
scaling variable x  and proton azim uthal scattering angle (f>pq and extracted param e­
terization functions for each distribution individually. This factorization assumption 
fit the differential cross sections well. We used combinations of uniform, Gaussian 
f (x )  oc o'- (x—3'°)2/^<j2 , exponential f (x )  oc ebx and sinusoidal probability distributions 
in the model. 
ps (GeV/c) was picked:
•  38% from a uniform distribution on the interval [0.2,1.0].
•  62% from a gaussian distribution on the interval [0.2,1.0], with a =  0.345 and 
xq =  0.195.
Q2 (GeV2) was picked:
264
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•  13.45% from an exponential distribution on the interval [1.5, 5.5] with b =  —2.848.
•  86.55% from an exponential distribution on the interval [1.5, 5.5] with b = —1.284. 
x  was picked:
•  66% from a gaussian distribution on the interval [0,2] with a = 0.174 and x 0 =  
0.877.
•  34% from a gaussian distribution on the interval [0,2] with a = 0.326 and x 0 — 
1.059.
4>pq was picked from a distribution:
•  1 — /  cos 4>pq on the interval [0,27t] with /  =  0.274.
4>ei was picked from a uniform distribution on the interval [0,2tt]
The virtual photon azimuthal angle is then 4>q = <j)a — 7r. The proton polar angle 
9pq is given by Eq. 4.7.
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